
(19) United States 
US 2002001.6383A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0016383 A1 
Iwata et al. (43) Pub. Date: Feb. 7, 2002 

(54) LONG WEARABLE SOFT CONTACT LENS 

(76) Inventors: Junichi Iwata, Nobeoka-Shi (JP); 
Tsuneo Hoki, Nobeoka-Shi (JP); 
Seiichirou Ikawa, Nobeoka-Shi (JP) 

Correspondence Address: 
YOUNG & THOMPSON 
745 SOUTH 23RD STREET 2ND FLOOR 
ARLINGTON, VA 2.2202 

(21) Appl. No.: 09/737,809 

(22) Filed: Jul. 2, 2001 

(30) Foreign Application Priority Data 

Dec. 16, 1999 (JP)........................................... 11-357376 

Dec. 17, 1999 (JP)........................................... 11-358.699 

Publication Classification 

(51) Int. Cl." .............................. G02C 7/04; CO8L 1/00; 
C08J 3/00; CO8K 3/00 

(52) U.S. Cl. ..................... 523/106; 351/160 R; 523/107 

(57) ABSTRACT 

The present invention relates to a Soft contact lens, and 
provides a contact lens which shows Small and Stable contact 
angle to water at its Surface in water as well as in air, little 
deposition in wearing, high oxygen permeability, no adhe 
Sion of lens to a cornea and Superior extended-wearing 
characteristics. The present invention provides a hydrogel 
Soft contact lens which has contact angle at a lens Surface in 
a range of 10-50 by the captive bubble method in water and 
30-90 by the sessile drop method in air, oxygen permeabil 
ity of not less than 30 and water content of not less than 5%, 
and also a hydrogel Soft contact lens consisting of a polymer 
comprising a hydrophilic Siloxanyl monomer shown by a 
Specified general formula. 
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LONG WEARABLE SOFT CONTACT LENS 

TECHNICAL FIELD 

0001. The present invention relates to a soft contact lens 
Superior in long-wearability (extended-wearability). More 
precisely, the present invention relates to a hydrogel Soft 
contact lens having no adhesion to a cornea in wearing and 
Superiorities in lens movement, comfort in wearing and 
extended-wearability. 

0002 The present invention further relates to an ophthal 
mologic lens material comprising a hydrophilic polysilox 
ane copolymer. The present invention Still further relates to 
a hydrophilic copolymer Superior in water wettability, Oxy 
gen permeability, deposition resistance, flexibility, optical 
transparency and strength useful as a Soft contact lens. 

BACKGROUND ART 

0.003 Polysiloxane compounds, such as dimethylsilicone 
compounds as typical examples, have conventionally been 
widely used industrially by themselves or as modifiers for 
other materials utilizing Specific functions Such as heat 
resistance, electrical insulation, flexibility, lubrication and 
water repellency. For example, polydimethylsiloxane with 
methacrylic groups at both ends, which is a polymerizable 
polysiloxane, has been used as a polymer modifier for 
acrylic polymers or polystyrene, utilizing the polymerization 
function. Polysiloxanes are used as gas permselective mem 
branes due to high gas permeability and also as biomaterials 
or medical materials due to little influence on a human body. 
There are many Studies and patent applications on an 
application to a contact lens utilizing their Superior oxygen 
permeability, flexibility and optical transparency (for 
example, JP-B-63-29741 and JP Nos. 1430546, 2532406 
and 2716181). 
0004 Contact lenses are fundamentally classified into a 
Soft and a hard types. Hard contact lenses are literally hard 
and show an discomfort in wearing. However, a recent 
remarkable improvement in oxygen permeability has pro 
duced products for a continuous wearing. On the other hand, 
Soft contact lenses have features in Softness and comfortable 
in wearing but Still have many problems. Soft contact lenses 
are classified, in detail, to a hydrogel and a non-hydrofel 
types. 

0005 Hydrogel soft contact lenses are composed of 
copolymers of hydrophilic monomerS Such as hydroxyethyl 
methacrylate and N-Vinylpyrrolidone as a main component 
and prepared by lathe-cutting, molding or cast molding 
methods, followed by a Swelling treatment in a physiologi 
cal Saline Solution to obtain a lens with water content of 
about 40-80%. 

0006 Non-hydrogel soft contact lenses include, for 
example, a Silicone rubber lens obtained by thermal curing 
of a mixture of polydimethylsiloxane capped with vinyldim 
ethylsilyl groups at both ends of its molecular chain and 
methylhydrogenpolysiloxane by molding method after an 
addition of a platinum-based catalyst, and a flexible lens 
with an elastic modulus between Soft and hard types, com 
posed of polyperfluoroether as a main component, linked 
with polymerizable groupS. Such as methacrylic groups at 
both ends (JPNos. 1278.540 and 1677573). Another example 
for manufacturing a non-hydrogel Soft contact lens with 
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comfortable in wearing is preparing a lens by lathe-cutting 
a hard Substrate obtained by a copolymerization of (meth 
)acrylic acid and (meth)acrylate followed by an esterifica 
tion and/or a transesterification treatment (JP No. 952157). 
0007. There are many inconveniences in handling a 
hydrous Soft contact lens Such as poor oxygen permeability, 
liability to fracture, inferior durability and periodical boiling 
Sterilization required due to an easy deposition of tear 
components and a possibility of germ growth. Soft contact 
lens of a higher water content has improved oxygen perme 
ability to a certain extent but is not Sufficient enough, and 
does not have a Satisfactory Strength for a eXtended-wear 
able lens. 

0008. On the other hand, a non-hydrogel soft contact lens 
also has the following problems. Silicone lens, Started with 
a big expectation due to extremely high oxygen permeabil 
ity, has poor wettability to tear Owing to a hydrophobic lens 
Surface. Although Surface treatments to improve hydrophilic 
property Such as plasma processing and grafting hydrophilic 
monomers have been tried but sufficient levels of hydro 
philic property and durability have not been obtained. 
Another problem is an adhesion during wearing and depo 
Sition with proteins and lipids in tear. In order to overcome 
these problems, a hydrogel Soft contact lens consisting of 
Silicone hydrogel with high oxygen permeability has been 
proposed, but it is still insufficient in Surface wettability, 
liable to lipid Staining and thus inferior as an extended 
wearable lens (for example, Japanese Patent No. 1421481, 
JP-A-6-503276, JP-A-7-505169, JP-A-7-508063 and JP-A- 
8-245737). 

DISCLOSURE OF THE INVENTION 

0009. After through studies on characteristics of the 
materials for a Soft contact lens to Solve the above mentioned 
problems, the inventors could accomplish the present inven 
tion by finding out that the objectives could be attained by 
giving specific characteristics to a lens material. 
0010. The inventors found out that copolymers of hydro 
philic Siloxane monomers with amide-group-containing 
monomers having N-Vinyl group were very useful to Solve 
the above mentioned problems, and that contact lenses 
obtained in a specific polar mold were, in particular, useful 
to Solve the above mentioned problems, and thus attained the 
present invention. 
0011. The present invention includes the following dis 
closures. 

0012 1. A hydrogel soft contact lens with-contact angle 
of a surface in a range of 10-50 and 30-90 by the captive 
bubble method in water and the sessile drop method in air, 
respectively, OXygen permeability of not leSS than 30 and 
water content of not less than 5%. 

0013 2. A hydrogel soft contact lens with a surface 
contact angle in a range of 10-40 and 30-80 by the captive 
bubble method in water and the sessile drop method in air, 
respectively, OXygen permeability of not leSS than 80 and 
water content of not less than 9%. 

0014) 3. The hydrogel soft contact lens according to the 
above 1st item or the 2nd item, comprising a copolymer 
obtained by a polymerization of at least one kind of hydro 
philic Siloxane monomer. 
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0.015 4. The hydrogel soft contact lens according to the 
above 3rd item, wherein the hydrophilic siloxane monomer 
is a hydrophilic polysiloxane monomer shown by the fol 
lowing formula (1): 

(1) 
R1 R3 

0016 wherein, X1 is a polymerizable substitutent shown 
by the following formula (2): 

(2) 

R5 

CH=C-(O) (CH)n-Z-(CHO) (CH), 
| 
O 

0017 wherein, R5 is a hydrogen or a methyl group; Z1 is 
a linking group selected from -NHCOO-, -NH 
CONH-, - OCONH- R6-NHCOO-, -NHCONH 
R7-NHCONH- and -OCONH-R8-NHCONH 
(R6, R7 and R8 are hydrocarbon groups with 2-13 carbon 
atoms); m is 0-10; n is 3-10; p is 0 when m is 0 and 1 when 
m is not less than 1; q is an integer of 0-20; R1, R2, R3 and 
R4 are groups Selected from hydrocarbon groups with 1-12 
carbon atoms or trimethylsilyl group, respectively; and the 
Structure Y1 shows a polysiloxane backbone comprising 
not leSS than 2 Sequential Siloxane linkages. 

0.018, 5. The hydrogel soft contact lens according to the 
above 4th item, wherein the structure Y1) is a structural unit 
shown by the following formula: 

(3) 
R9 

(SiO) 

0.019 wherein, R9 and R10 are groups selected from 
hydrocarbon groups with 1-12 carbon atoms, hydrocarbon 
groups Substituted with fluorine atom(s), trimethylsiloxy 
group and hydrophilic Substituents, and may be different 
from each other in the sequential chain; and r is 7-1000. 

0020. 6. The hydrogel soft contact lens according to the 
above 5th item, wherein the structural unitY1 according to 
the above 5th item is a polysiloxane monomer with R9 and 
R10 being methyl group. 

0021 7. The hydrogel soft contact lens according to the 
above 4th item consisting of a hydrophilic polysiloxane 
monomer, wherein the structural unit Y1 according to the 
above 4th item comprises Sequentially linked Structural units 
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(Ia) and (IIa) shown below, the linking ratio of the units (Ia) 
and (IIa) being 1:10-10:1, and the total number of the linking 
of (Ia) and (IIa) being 7-1000: 

(Ia) 
R11 

(SiO) 

R12 

(IIa) 
R13 

(SiO) 

R14 

0022 wherein, each of R11 and R12 is a hydrocarbon 
group with 1-12 carbon atoms, respectively, each of R13 and 
R14 is a hydrocarbon group with 1-12 carbon atoms or a 
hydrocarbon group Substituted with fluorine atom(s), respec 
tively, and at least one of R13 and R14 is a hydrocarbon 
group Substituted with fluorine atom(s). 
0023 8. The hydrdogel soft contact lens according to the 
above 7th item consisting of a hydrophilic polysiloxane 
monomer, wherein R11, R12 and R13 are methyl groups and 
R14 is a trifluoropropyl group in the structural unit Y1 
according to the above 7th item. 

0024. 9. The hydrogel soft contact lens according to the 
above 4th item consisting of a hydrophilic polysiloxane 
monomer, wherein the structural unit Y1 according to the 
above 4th item comprises Sequentially linked Structural units 
(Ib) and (IIb) shown below, the linking ratio of the structural 
units (Ib) and (IIb) being (Ib)/(IIb) =0.1-200, and the total 
number of the linking of (Ib) and (IIb) being 7-1000: 

(Ib) 
R15 

(SiO) 

R16 

(IIb) 
R17 

(SiO) 

R18 

0025 wherein, R15 and R16 are a group selected from 
hydrocarbon group with 1-12 carbon atoms, hydrocarbon 
group with 1-12 carbon atoms substituted with fluorine 
atom(s) and trimethylsiloxy group, respectively, and they 
may be the same or different from each other; each of R17 
and R18 is a group consisting of hydrocarbon group with 
1-12 carbon atoms, trimethylsiloxy group or hydrophilic 
groups, respectively; and at least one of R17 and R18 groups 
is a hydrophilic group, wherein the hydrophilic group is a 
linear or cyclic hydrocarbon group linked with at least one 
Substituent Selected from hydroxy group and polyoxyalky 
lene group. 
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0.026 10. The hydrogel soft contact lens according to the 
above 4th item consisting of a hydrophilic polysiloxane 
monomer, wherein the structural unit -Y1 according to the 
above 4th item comprises Sequentially linked Structural units 
(Ic), (IIc) and (IIIc) shown by the following formulas: 

(Ic) 
CH 

(SiO) 

CH 

(SiO)- 

CH 

(IIIc) 
R19 

(SiO)- 

CH 

0.027 wherein, R19 is a hydrophilic substituent which is 
a linear or cyclic hydrocarbon group linked with at least one 
Substituent Selected from hydroxy group and polyoxyalky 
lene group; the linking ratio of the structural units (Ic), (IIc) 
and (IIIc) being (Ic) +(IIc))/(IIIc)=0.5-100, (IIc)/(Ic)=0-1, 
and the total number of the linking of (Ic), (IIc) and (IIIc) 
being 7-1000. 

0028 11. The hydrogel soft contact lens according to the 
above 10th item, wherein the linking ratio of the structural 
units (Ic), (IIc) and (IIIc) in the structural unit Y1 accord 
ing to the above 10th item is (Ic)+(IIc))/(IIIc)=1-50, (IIc)/ 
(Ic)=0.01-0.50, and the total number of the linking of (Ic), 
(Ic) and (IIIc) is 20-500. 
0029 12. The hydrogel soft contact lens according to any 
one of the above 9th-11th items consisting of a hydrophilic 
polysiloxane monomer, wherein the hydrophilic Substituent 
is shown by the following formula (4) or (5): 

-R20(OH)a (4) 

0030 wherein, R20 is a hydrocarbon group with 3-12 
carbon atoms, the group may have a group of -O-, 
-CO- or -COO- inserted between carbon atoms; only 
one OH group can be Substituted on one carbon atom; and 
a is a number larger than 1: 

0.031 wherein, R21 is a hydrocarbon group with 3-12 
carbon atoms, the group may have a group of -O-, 
-CO- or -COO- inserted between carbon atoms; R22 
is a hydrocarbon group with 2-4 carbon atoms, and the 
number of the carbon atoms may be different from each 
other when b is not less than 2; b is 1-200; Z2 is a group 
Selected from hydrogen atom, hydrocarbon group with 1-12 
carbon atoms and -OCOR23 (R23 is a hydrocarbon group 
with 1-12 carbon atoms). 
0032) 13. The hydrogel soft contact lens according to any 
one of the above 9th-11th items, wherein the hydrophilic 
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Substituent is Selected from the group consisting of the 
following formulas (6), (7) and (8): 

- C3H6OH (6) 

-CHOCHCH(OH)CH-OH (7) 
-CHOCHOH (8) 

0034) 14. The hydrogel soft contact lens according to the 
above 9th-lth items, wherein the hydrophilic substituent is 
selected from the group of the following formulas (9) and 
(10): 

-CH6 (OCH)OH (9) 
-CH (OCH)OCH (10) 

0035) wherein, c and d are 1-40. 
0036) 15. The hydrogel soft contact lens according to the 
above 4th item, wherein the structural unit Y1 in the 
hydrophilic polysiloxane monomer shown by the formula 
(1) according to the above 4th item is expressed by the 
following formula (11): 

(11) 
R24 R26 

R25 R27 

0037 wherein, Z3 is a linking group shown by the 
following formula (12): 

A-COHN-R30-NHCOO-R31-CONH 
R30-NHCO-A- (12) 

0038 wherein, R30 is a hydrocarbon group with 4-20 
carbon atoms and may be interrupted by oxygen atom; R31 
is polyoxyalkylene group or fluorine-Substituted polyoxy 
alkylene group; the structural unit Y2 means a polysilox 
ane structural unit shown by any one of formulas (3), linked 
structure of (Ia) and (IIa), linked structure of (Ib) and (IIb) 
or linked structure of (Ic), (IIc) and (IIIc); A means -O- 
or -NH- linkage; each of R24, R25, R26 and R27 is a 
group Selected from hydrocarbon group with 1-12 carbon 
atoms and trimethylsilyl group, respectively; each of R28 
and R29 is a hydrocarbon group with 3-12 carbon atoms and 
may be interrupted by oxygen atom, respectively. 
0039) 16. The hydrogel soft contact lens according to the 
above 15th item consisting of a polymer from a hydrophilic 
polysiloxane monomer, wherein R30 in the Z3 liking group 
shown by the formula (11) according to the above 15th item 
is Selected from hexamethylene, tetramethylene, dicyclo 
hexylmethane, hydrogenated Xylylene and isophorone 
groupS and R31 is Selected from polyethylene glycol, 
polypropylene glycol and polybutylene glycol. 

0040 17. The hydrogel soft contact lens according to any 
one of the above 4th-14th item, wherein the polymerizable 
Zl liking group shown by the formula (2) according to the 
above 4th item is shown by the following formula (13): 

B-COHN-R32-NHCOO-R33-CONH 
R32-NHCO-B- (13) 

0041 wherein, R32 is a hydrocarbon group with 4-20 
carbon atoms and may be interrupted by oxygen atom; R33 
is polyoxyalkylene or polyoxyfluoloalkylene group; B 
means -O- or -NH-linkage. 
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0.042 18. The hydrogel soft contact lens according to the 
above 17th item consisting of a polymer from a hydrophilic 
polysiloxane monomer, wherein R32 in the formula (13) is 
Selected from hexamethylene, tetramethylene, dicyclohexy 
lmethane, hydrogenated Xylylene and isophorone groups 
and R33 is Selected from polyethylene glycol, polypropy 
lene glycol and polybutylene glycol. 

0043. 19. A hydrogel soft contact lens obtained by a 
copolymerization of at least 1 kind of hydrophilic polysi 
loxane monomer in the formula (1) with at least 1 kind of 
hydrophilic monomer. 

0044) 20. The hydrogel soft contact lens according to the 
above 19th item, wherein the hydrophilic monomer is an 
amide monomer. 

0.045 21. The hydrogel soft contact lens according to the 
above 19th item, wherein the hydrophilic monomer is an 
amide monomer containing N-Vinyl group. 

0.046 22. The hydrogel soft contact lens according to the 
above 21st item, wherein the amide monomer containing 
N-vinyl group is selected from N-vinyl formamide, N-vinyl 
acetamide, N-vinyl isopropylamide, N-vinyl-N-methylac 
etamide, N-Vinylpyrrollidone and N-Vinyl caprolactam. 

0047. 23. The hydrogel soft contact lens according to the 
above 21st item, wherein the amide monomer containing 
N-vinyl group is N-vinyl N-methylacetamide or N-vinylpyr 
rolidone. 

0.048 24. The hydrogel Soft contact lens according to any 
one of the above 21st-23rd items, consisting of a copolymer 
composed of 10-99% by weight of a hydrophilic polysilox 
ane monomer and 1-80% by weight of an amide monomer 
containing N-Vinyl group. 

0049 25. The hydrogel soft contact lens according to any 
one of the above 21st-23rd items, consisting of a copolymer 
composed of 30-95% by weight of a hydrophilic polysilox 
ane monomer and 5-60% by weight of a monomer contain 
ing an amide group with N-Vinyl group. 

0050. 26. The hydrogel soft contact lens according to any 
one of the above 3rd-25th items, obtained by a polymeriza 
tion of a crosslinkable monomer linked with urethane 
groupS. 

0051 27. The hydrogel soft contact lens according to the 
above 26th item, wherein the crosslinkable monomer is 
shown by the following formula (14): 

(14) 

R34 R35 

O O 

0.052 wherein, R34 and R35 are hydrogen or methyl 
group and may be the same or different from each other, Z4 
is -NHCOO-linking group; R36 is selected from hydro 
carbon groups with 2-10 carbon atoms or polyoxyethylene 
group shown by -(CHO)CH- (g is 2-40); f is 0-10; 
e is 0 when f is o and 1 when f is not less than 1. 
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0053 28. The hydrogel soft contact lens according to 
the-above 26th item, wherein the crosslinkable monomer is 
shown by the following formula (15): 

(15) 
CH CH 

CHFCCOCHNHCOOCHOCCFCH 

O O 

0054 29. The hydrogel soft contact lens according to any 
one of the 19th-28th items, wherein Surface contact angel is 
in a range of 10-50 and 30-90° by the captive bubble 
method in water and by the Sessile drop method in air, 
respectively, oxygen permeability is not less than 30 and 
water content is not less than 5%. 

0055 30. The hydrogel soft contact lens according to the 
above 29th item, wherein Surface contact angle is in a range 
of 10-40° and 30-80° by captive bubble method in water and 
by Sessile drop method in air, respectively, oxygen perme 
ability is not less than 80 and water content is not less than 
9%. 

0056 31. The hydrogel soft contact lens according to any 
one of the above 1st–30th items, manufactured by a poly 
merization in a mold. 

0057. 32. The hydrogel soft contact lens according to the 
above 3rd item, wherein the hydrophilic siloxanyl monomer 
is shown by the following formula (16): 

(16) 
R37 

CHFCCOOCHNHCOO-(CHO), R38Si 

0058 wherein, R37 is hydrogen or methyl group; R38 is 
Siloxanyl alkyl group; and h is 0-20. 

0059) 33. The hydrogel soft contact lens according to the 
above 3rd item, consisting of a polymer comprising at least 
the hydrophilic siloxanyl monomer shown by the following 
above (16), a hydrophilic monomer and a crosslinkable 
OOC. 

0060 34. The hydrogel soft contact lens according to any 
of the above 32nd or 33rd item, wherein the hydrophilic 
Siloxanyl monomer according to the above 32nd item is 
shown by the following formula (17): 

(17) 
CH 

CHCCOOCHNHCOO-CHOCHSi( -OSi(CH3)3) 

0061 35. The hydrogel soft contact lens according to any 
one of the above 32nd-34th items, consisting of a polymer 
comprising at least a hydrophilic Siloxanyl monomer shown 
by the above formula (16), a siloxanyl monomer shown by 
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the following formula (18), a hydrophilic monomer and a 
crosslinkable monomer: 

(18) 
R39 

CH=CCOO(CHO);-R40 Si 

0.062 wherein, R39 is hydrogen or methyl group; R40 is 
Siloxanyl alkyl group; and j is 0-4. 
0.063. 36. The hydrogel soft contact lens according to the 
above 35th item, wherein the siloxanyl monomer shown by 
the formula (18) is tris(trimethylsiloxy)silylpropyl meth 
acrylate. 
0.064 37. The hydrogel soft contact lens according to any 
of the above 33rd or 35th item, wherein the hydrophilic 
monomer is an amide monomer containing N-Vinyl group. 
0065) 38. The hydrogel soft contact lens according to the 
above 37th item, wherein the amide monomer containing 
N-vinyl group is N-vinyl-N-methylacetamide or N-vinyl 
pyrrollidone. 
0.066 39. The hydrogel soft contact lens according to any 
one of the above 32nd-38th items, prepared by processing a 
polymer comprising a hydrophilic Siloxanyl monomer by 
lathe-cutting and polishing method followed by Swelling 
with water. 

0067 40. A hydrogel soft contact lens manufactured by a 
polymerization in a mold, wherein a mold material is 
insoluble to a composition of polymerizable monomers and 
at least one Side of the mold for forming a lens Surface has 
a polar group. 
0068 41. The hydrogel soft contact lens according to the 
above 40th item, wherein the mold material consists of a 
resin with a contact angle to water of not higher than 90 by 
the Sessile drop method. 42. The hydrogel Soft contact lens 
according to the above 40th item, wherein the mold material 
consists of a resin with a contact angel to water is 65-800 by 
the Sessile drop method. 
0069 43. The hydrogel soft contact lens according to any 
one of the above 40th-42nd items, wherein the mold consists 
of a resin Selected from polyamide, polyethylene terephtha 
late and ethylene-Vinylalcohol copolymer. 
0070 44. The hydrogel soft contact lens according to any 
one of the above 40th-42nd items, wherein the mold material 
consists of ethylene-Vinylalcohol copolymer. 
0071 45. The hydrogel soft contact lens according to any 
one of the above 40th-44th items, wherein contact angle of 
a surface is in a range of 10-50 and 30-90 by the captive 
bubble method in water and by the sessile drop method in 
air, respectively, and water content is not leSS than 5%. 
0.072 46. The hydrogel soft contact lens according to any 
one of the above 40th-44th items, wherein Surface contact 
angle is in a range of 10-40 and 30-80 by the captive 
bubble method in water and by the sessile drop method in 
air, respectively, and water content is not leSS than 9%. 
0.073 47. The hydrogel soft contact lens according to any 
one of the above 1st-38th items, manufactured by a poly 
merization in a mold according to any one of the above 
40th-44th items. 
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0074 48. A method for manufacturing a contact lens 
according to any one of the above lst-38th items, wherein the 
method is a polymerization in a mold. 

0075 49. A method for manufacturing a contact lens, 
wherein the mold according to the above 48th item consists 
of the material according to any one of the above 40th-44th 
items. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0076. The present invention provides a hydrogel soft 
contact lens with contact angle of lens Surface within a range 
of 10-50 and 30-90° by the captive bubble method in water 
and the Sessile drop method in air, respectively, oxygen 
permeability not less than 30 and water content not less than 
5%, and further a hydrogel soft contact lens with contact 
angle of lens surface within 10-40, preferably 10-30, and 
more preferably 15-30 by the captive bubble method in 
water, and 30-80, preferably 40-70 by the sessile drop 
method in air, oxygen permeability not less than 80, pref 
erably not less than 100, and water content not less than 9%. 

0077. The present invention, in particular, includes the 
following. 

0078 (1) A hydrogel soft contact lens with contact angle 
of lens surface in a range of 10-50 and 40-70 by the 
captive bubble method in water and the sessile drop method 
in air, respectively, oxygen permeability not less than 30 and 
water content not less than 9%. 

0079 (2) The hydrogel soft contact lens according to the 
above mentioned (1), wherein contact angle of Surface in a 
range of 10-30° and 50-65 by the captive bubble method in 
water and the Sessile drop method in air, respectively, 
oxygen permeability not less than 100 and water content not 
less than 15%. 

0080 (3) The hydrogel soft contact lens according to the 
above mentioned (1) or (2), consisting of a polymer com 
prising at least hydrophilic Siloxanyl methacrylate shown by 
the following general formula I, and having tensile modulus 
of 0.8-2x107 dyne/cm’: 

(I) 
CH 

CH=CCOOCHNHCOO-(CHO), RSi 

0081 wherein, m is an integer of 0-4; and RSi is siloxa 
nyl group. 

0082 (4) The hydrogel soft contact lens according to any 
of the above mentioned (1)–(3), consisting of a polymer 
comprising at least hydrophilic siloxanyl methacrylate 
shown by the general formula I, hydrophilic monomer and 
crosslinkable monomer. 
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0.083 (5) The hydrogel soft contact lens according to the 
above mentioned (3) or (4), wherein the hydrophilic siloxa 
nyl methacrylate is shown by the following formula II: 

(II) 

CH 

CHFCCOOCHNHCOO-CHOCH-Si-O-Si(CH)) 

0084 (6) The hydrogel soft contact lens according to any 
of the above mentioned (1)–(5), consisting of a polymer 
comprising at least hydrophilic Siloxanyl methacrylate 
shown by the general formula I, Siloxanyl methacrylate 
shown by the general formula I2, a hydrophilic monomer 
and a croSSlinkable monomer: 

(I2) 
CH 

CH2=CCOO(CHO), RSi 

0085 wherein, m is an integer of 0-4; and RSi is siloxa 
nyl group. 
0.086 (7) The hydrogel soft contact lens according to any 
of the above mentioned (1)–(6), consisting of a polymer 
comprising at least 5-20% by weight of hydrophilic siloxa 
nyl methacrylate shown by the general formula I1, 15-30% 
by weight of tris(trimethylsiloxy)Sillylpropyl methacrylate, 
25-35% by weight of N-vinylpyrrolidone, 20-30% by 
weight of N-dimethylacrylamide, 5-10% by weight of trif 
luoroethyl methacrylate, 5-10% by weight of 1,1,2,2-tetra 
ethoxy-2-hydroxypropyl methacrylate and 0.2-2% by 
weight of ethylene glycol dimethacrylate. 

0087 (8) The hydrogel soft contact lens according to any 
of the above mentioned (1)-(7), prepared by processing a 
polymer comprising hydrophilic Siloxanyl methacrylate to 
lens shape by a lathe-cutting and polishing method and 
hydration. 
0088 (9) The hydrogel soft contact lens according to any 
of the above mentioned (1)–(6), consisting of a polymer 
comprising a hydrophilic polysiloxane monomer shown by 
the following general formula II, a hydrophilic monomer 
and a croSSlinkable monomer: 

(II) 

0089. Wherein, R' is hydrogen or methyl group; each of 
R. R. R4 and R is hydrocarbon group with 1-12 carbon 
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atoms or trimethylsiloxy group; Y consists of the Structural 
units (I) and (II) shown below, ratio of the structural unit (I) 
and the structural unit (II) being 1:10-10:1 and total number 
of the structural units (I) and (II) being 7-200; b and c are 
integers of 1-20, being the same or different from each 
other; p is an integer of 0-20; X is -NHCOO-group or 
–OOCNH-R'-NHCOO– group (R' is hydrocarbon 
group with 4-13 carbon atoms): 

(I) 

(II) 

0090 wherein, each of R and R7 is hydrocarbon group 
with 1-12 carbon atoms; each of R and R is hydrocarbon 
group with 1-12 carbon atoms or fluorine-Substituted hydro 
carbon group; and at least one of R and R is fluorine 
Substituted hydrocarbon group. 
0091 (10) The hydrous soft contact lens according to the 
above mentioned (9), prepared by a polymerization of a 
polymerizable composition comprising a hydrophilic pol 
ySiloxane monomer shown in the general formula II in a 
mold having polar groups on its Surface to a lens shape, 
followed by hydration. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0092. Now the above mentioned invention will be 
explained in detail. 
0093. The present invention provides a hydrogel soft 
contact lens with contact angle of lens Surface in a range of 
10-50 and 30-90° by the captive bubble method in water 
and the Sessile drop method in air, respectively, oxygen 
permeability not less than 30 and water content not less than 
5%. 

0094. By controlling lens surface characteristics, it 
became possible to provide a contact lens which can exhibit 
Superior water wettability of lens Surface for a long wearing 
period, high oxygen permeability, reduced protein and lipid 
depositions, Stable lens movement, and little adhesion to a 
cornea. Preferably, a Soft contact lens enabling continuous 
wearing for 30 days can be realized by keeping the contact 
angle of lens Surface in a range of 10-400, more preferably 
10-30, still more preferably 15-30 by the captive bubble 
method in water, and also 30-80, more preferably 40-70 by 
the Sessile drop method in air, OXygen permeability not leSS 
than 80, more preferably not less than 100, and water content 
not less than 9%. 

0095 Surface contact angle of a contact lens of the 
present invention exceeding 50 by the captive bubble 
method in water often causes Staining on a lens Surface with 
lipid and thus not desirable. Although Smaller contact angle 
is desirable, materials with contact angle less than 10 are 
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not Suitable due to an easy taking up of proteins of low 
molecular weight into lens inside and inferior physical 
properties Such as tensile Strength generally observed in 
Such materials. On the contrary, contact angle higher than 
90 by the sessile drop method in air is also undesirable due 
to generation of cloudineSS during wearing, easy adhesion to 
a cornea caused by extremely increased lipid Staining and 
deformation of a lens. 

0096. Furthermore, a lower limit of contact angle by the 
Sessile drop method of the material is, in general, preferably 
30 because of Superior physical properties Such as tensile 
strength. Oxygen permeability lower than 30 is not desirable 
because of an increased load to a cornea making extended 
wearing difficult. Water content lower than 5% is not desir 
able because of Significant increase in Staining of a lens 
Surface with proteins and lipids and extremely increased 
adhesion to a cornea. 

0097. There is no limitation in a composition of the 
contact lens of the present invention So long as the lens has 
characteristics described above. However, a Soft contact lens 
obtained from a polymer containing a hydrophilic Siloxanyl 
methacrylate shown by the above mentioned formula I is 
preferable. 

0.098 Use of the hydrophilic siloxanyl methacrylate 
enabled to provide a contact lens with high oxygen perme 
ability, less depositions of proteins and lipids, Superior water 
wettability at lens Surface maintained during an extended 
wearing period, Stabilized lens movement and less adhesion 
to a COrnea. 

0099. In the general formula I, RSi is a siloxanyl group, 
and at least one kind of group Selected from the groups 
shown by the following formula (1a), (2a) and (3a) may be 
used: 

-CHSi (-OSi(CH)), (1a) 

(2a) 
CH 

o CHSiC OSICH2CH2CF3)3 

CH 

(3a) 
CH 

- CHSi( -OSI) -OSi(CH3)3) 

CH 

0100 wherein, 1 is an integer of 1-10. In the general 
formula I, m is an integer of 0-4 and m not leSS than 5 is 
undesirable because the monomer becomes too hydrophilic 
to be compatible with other copolymerizable monomers, 
giving a cloudineSS during polymerization and a difficulty in 
homogeneous mixing of monomers. In the formula (3a), 1 is 
an integer of 1-10 and 1 not leSS than 11 is undesirable 
because of a reduced compatibility with other copolymer 
izable monomers. 
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0101 The above described hydrophilic siloxanyl meth 
acrylate is Synthesized by reacting 2-isocyanatoethyl meth 
acrylate with Siloxanylalkyl alcohol. 

0102) The soft contact lens of the present invention 
consists of a hydrogel polymer with water content of about 
5-60%, comprising hydrophilic siloxanyl methacrylate 
shown by the general formula I, and having oxygen perme 
ability not less than about 30 and tensile modulus 0.8-2x 
107 dyne/cm. The lens provides less adsorption of proteins 
and lipids to inner part of lens, easy lens care, little decrease 
in lens movement caused by Stain accumulation, Superior 
Stability in lens shape, flexible and comfortable, no adhesion 
to a cornea during wearing caused by Sucking disk effect and 
thus enabling an extended-wearing. 

0.103 Water content less than 5% is undesirable due to an 
easy adsorption of lipids to lens, resulting in an adhesion to 
a cornea. On the contrary, water content over 60% is also 
undesirable because of giving low Strength, poor Scratch 
resistance in handling, easy fracture and high adsorption of 
proteins. Oxygen permeability lower than 30 is undesirable 
due to difficulty in continuous wearing and possibility to 
cause diseases of a cornea by long wearing. Tensile modulus 
less than 0.8x107 dyne/cm is undesirable due to inferior 
Stability in lens shape, difficulty in handling to wear and 
poor feeling in wearing together with possible damages to 
cornea and Sclera caused by easy turning back of lens at an 
edge or waving on an eye Surface during wearing. Tensile 
modulus over 2x107 dyne/cm is undesirable because of an 
increased Sucking disk effect resulting in a significant 
decrease in lens movement and occurrence of an adhesion. 

0104. Among hydrophilic siloxanyl methacrylates shown 
by the general formula I, used for a Soft contact lens of the 
present invention, the Structure shown by the following 
formula Id is preferable because of providing a well-bal 
anced performance among water content, oxygen perme 
ability and modulus, together with leSS deposition of pro 
teins and lipids: 

(Id) 

CH 

-CH= CCOOCHNHCOO CHOCH -Si-e-O -Si(CH3)3) 

0105. Any polymer can be used for a soft contact lens of 
the present invention So long as it contains hydrophilic 
Siloxanyl methacrylate described above. 

0106 For example, the polymer includes copolymers 
with the following copolymerizable compounds: acrylic 
monomerS Such as methyl acrylate, ethyl acrylate and acrylic 
acid; methacrylic monomerS Such as methyl methacrylate, 
ethyl methacrylate, 2-hydroxyethyl methacrylate and meth 
acrylic acid; siloxane monomerS Such as tris(trimethylsilox 
y)Sillylpropyl methacrylate, bis(trimethylsiloxy)methylsi 
lylpropyl methacrylate, pentamethyldisiloxanepropyl 
methacrylate, tris(trimethylsiloxy)silylpropyloxyethyl 
methacrylate, and tris(polydimethylsiloxy)silylpropyl meth 
acrylate; fluorosiloxane monomerS Such as tris(dimethyltri 
fluoropropylsiloxy)Sillylpropyl methacrylate; perfluoroalkyl 
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monomerS Such as 2.2.2-trifluoroethyl methacrylate, 2,2,3, 
3,3-pentafluoropropyl methacrylate and hexafluoroisopro 
pyl methacrylate; fluoroalkyl and fluoroalkylether mono 
mers containing hydroxyl group Such as 1,1,2,2- 
tetrafluoroethoxy-2-hydroxypropyl methacrylate; 
hydrophilic monomers such as N-vinylpyrrolidone, N,N'- 
dimethylacrylamide and N-vinyl-N-methylacetamide; 
crosslinkable monomerS Such as ethylene glycol 
dimethacrylate, tetraethylene glycol dimethacrylate and tet 
ramethyldisiloxanebis(propylmethacrylate). 

0107 Among these, copolymers with siloxane methacry 
lates, fluoroalkylsiloxane methacrylates, fluoroalkyl meth 
acrylates, fluoroalkylether methacrylates containing 
hydroxyl groups, hydrophilic monomers, crosslinkable 
monomers with two or more unsaturated groups within a 
molecule and Siloxane macromers with polymerizable 
unsaturated groups at molecular ends are preferable because 
of well-balanced physical properties Such as Oxygen perme 
ability, Stain deposition resistance and mechanical Strength. 
Preferable hydrophilic monomers in the present invention 
are amide monomers containing N-Vinyl group, and N-Vi 
nylpyrrollidone or N-Vinyl-N-methylacetamide, in particular, 
can provide a contact lens with Superior Surface wettablity. 
An example of Such contact lens comprises a polymer 
composed of 5-20% by weight of hydrophilic siloxanyl 
methacrylate shown by formula I1, 15-30% by weight of 
tris(trimethylsiloxy)silylpropyl methacrylate, 25-35% by 
weight of N-vinylpyrrollidone, 20-30% by weight of N-dim 
ethylacetamide, 5-10% by weight of trifluoroethyl meth 
acrylate, 5-10% by weight of 1,1,2,2-tetrafluoroethoxy-2- 
hydroxypropyl methacrylate and 0.2-2% by weight of 
ethylene glycol dimethacrylate. 

0108. A contact lens of the present invention can be 
manufactured by conventional lens manufacturing methods. 
The methods includes, for example, a method by lathe 
cutting of polymer bock followed by polishing, a method to 
cast a monomer composition into a mold with corresponding 
lens shape followed by polymerization, and a method to 
form only one face of lens by casting method using a 
polymerization mold then finish the other face by lathe 
cutting and polishing method, etc. A feature of the present 
invention is that a contact lens can be manufactured by 
lathe-cutting and polishing method. Use of hydrophilic 
Siloxanyl methacrylate shown by formula I improves a 
compatibility between siloxanyl monomer to raise oxygen 
permeability and hydrophilic monomer to enhance water 
wettability to give a polymer Sufficiently hard for machining 
and polishing in dry State and a hydrous Soft contact lens 
with Superior optical transparency when Swelled with water 
and Suitable range of modulus. A lens manufactured by 
lathe-cutting and polishing method is preferable because it 
has the same polymer composition in Surface and inside of 
a lens, and exhibits a Stable lens performances Such as water 
wettability and depositions of proteins and lipids together 
with little change in Surface characteristics during long 
Wearing. 

0109) Also, a polymer comprising hydrophilic polysilox 
ane monomer shown by the general formula II can be used 
for a contact lens of the present invention: 
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(II) 

HC=C-COO-(CH2--X-(-CH3CHO) (CH) -Si-O 

--- Y 
R4 R1 

Si-CH-) (OCH2CH2-), X-(-CH-)-OOC-C=CH2 

0110 wherein, R' is hydrogen or methyl group; each of 
R. R. R' and R is a hydrocarbon group with 1-12 carbon 
atoms or trimethylsiloxy group; Y consists of the Structural 
units (I) and (II) shown below, ratio of the structural unit (I) 
and the structural unit (II) being 1:10-10:1 and total number 
of the structural units (I) and (II) being 7-200; each of band 
c is an integer of 1-20, being the same or different from each 
other; p is an integer of 0-20; X is -NHCOO-group or 
–OOCNH-R'-NHCOO-group (R' is a hydrocarbon 
group with 4-13 carbon atoms). 

(I) 

(II) 

0111 wherein, each of R and R7 is a hydrocarbon group 
with 1-12 carbon atoms; and each of R and R is a 
hydrocarbon or fluorinated hydrocarbon group with 1-12 
carbon atoms, and at least one of RandR being fluorinated 
hydrocarbon group. The above hydrophilic polysiloxane 
monomer may be copolymerized with the copolymerizable 
monomerS described above. Furthermore, copolymers fur 
ther comprising polysiloxane monomers with polymerizable 
unsaturated groups at molecular ends may be used, which 
are described in JP-B-3-240021, JP-B-3-25.7420, JP-B-4- 
50814, JP-B-5-45612, JP No. 2592356, etc., and shown by 
the following formulas (4a)-(7a): 

(4a) 

HC=C-COO-(CH2) a Si-O-(SiO-Si-CH2-OOC-C=CH 

0112 wherein, R' is hydrogen or methyl group; each of 
R. R. R' and R is hydrocarbon group or trimethylsiloxy 
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group; each of R and R is hydrocarbon group with 1-12 
carbon atoms; each of a and c is an integer of 1-20; and b is 
an integer of 10-100. 

(5a) 

R1 R2 R6 

He=c-cootch-fix-CHCH-O-etch-ri-o-eyo b 
R3 R7 

ject-stochsch-rkech-rooc-C=CH, 
R5 

0113 wherein, R' is hydrogen or methyl group; each of 
R. R. R' and R is methyl or trimethylsiloxy group; each 
of RandR is a hydrocarbon group with 1-12 carbonatoms; 
each of a and c is an integer of 1-20; p is an integer of 0-20; 
b is an integer of 10-100; X is -NHCOO- group or 
–OOCNH-R-NHCOO– group (R is hydrocarbon 
group with 4-13 carbon atoms). 

(6a) 

0114 wherein, R is hydrogen or methyl group; each of 
R. R. R' and R is hydrocarbon group with 1-12 carbon 
atoms or trimethylsiloxy group; Y consists of the Structural 
units (I) and (II) shown below, ratio of the structural unit (I) 
and the structural unit (II) being 1:10-10:1 and total number 
of the structural units (I) and (II) being 7-200; each of band 
c is an integer of 1-20, being the same or different from each 
other; p is an integer of 0-20. 

(I) 

(II) 

0115 wherein, each of R and R is a hydrocarbon group 
with 1-12 carbon atoms; and each of R and R is a 
hydrocarbon or fluorinated hydrocarbon group with 1-12 
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carbon atoms, and at least one of RandR'being fluorinated 
hydrocarbon group. 

(7a) 
R1 R3 R5 R7 

x-o-o-to-li-y 
2 4 6 8 R R R R 

0116 wherein, X is substituent with radically polymer 
izable unsaturated group;Y is R' or X; c is 0-500; b is 1-500; 
each of R and R' is a group selected from alkyl group, 
hydrocarbon group with 1-10 carbon atoms, halogenated 
alkyl group with 1-10 carbon atoms and trimethylsiloxy 
group, being the same or different from each other; R is a 
fluorinated Substituent linked with at least one hydroxyl 
group; each of R', R. R. R. RandR is a group selected 
from fluorinated Substituent with at least one hydroxyl 
group, alkyl group with 1-10 carbon atoms, halogenated 
alkyl groups with 1-10 carbon atoms and trimethylsiloxy 
group, being the same or different from each other, and being 
the same to or different from R. 

0117. Among these, copolymers with siloxane methacry 
lates, fluoroalkylsiloxane methacrylates, fluoroalkyl meth 
acrylates, fluoroalkylether methacrylates containing 
hydroxyl groups, hydrophilic monomers, croSSlinkable 
monomers with two or more unsaturated groups in a mol 
ecule and polysiloxane monomers with polymerizable 
unsaturated groups at molecular ends are preferable because 
of well-balanced physical properties Such as oxygen perme 
ability, Stain deposition and mechanical Strength. 

0118. A contact lens comprising the above described 
polysiloxane monomer as a main component can be manu 
factured by conventional lens manufacturing methods Such 
as the casting method in which a monomer composition is 
injected into a polymerization mold with a corresponding 
lens shape followed by a polymerization. A lens manufac 
tured by using a polymerization mold made of a material 
with polar groups at a Surface Such as ethylene-Vinylalcohol 
copolymer, polyamide and polyethylene terephthalate, is 
particularly preferable due to formation of a thick stable 
hydrophilic layer at a lens Surface, little change in Surface 
characteristics during extended-wearing, together with 
Stable performances Such as Superior water wettability and 
reduced deposition of proteins and lipids. 

0119) The present invention includes the following. 

0120 (1) An ophthalmologic lens material obtained by 
copolymerization of at least one or more types of com 
pounds of the following (a) and one or more types of 
compounds of the following (b). 

0121 (a) Hydrophilic polysiloxane monomers shown by 
the formula (1b): 

(1b) 
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0.122 wherein, X is a polymerizable substitution group 
shown by the formula (2b): 

(2b) 

R5 

CH-C-(O) (CH)n-Z1-(CHO) (CH3), 
| 
O 

0123 wherein, R is hydrogen or methyl group; Z1 is a 
linking group selected from -NHCOO-, -NHCONH-, 
–OOCNH-R -NHCOO-, -NHCONH-R7 NH 
CONH- and –OOCNH-R -NHCONH- (R, R7 and 
R are hydrocarbon groups with 2-13 carbon atoms); m is 
0-10; n is 3-10; p is 0 when m is 0 and 1 when m is not less 
than 1; q is an integer of 0-20; 

0124 each of R', R, R and R' is a hydrocarbon group 
with 1-12 carbon atoms or trimethylsilyl group; Y consists 
of linkage of the structural units I and II shown by the 
following formulas, ratio of the structural unit I and the 
structural unit II being I/II=0.1-200 and total number of 
the structural units I and II being 10-1000: 

I 

II) 

0125 wherein, each of R and R', being the same or 
different from each other, is a group Selected from hydro 
carbon group with 1-12 carbon atoms, fluorinated hydrocar 
bon group with 1-12 carbon atoms and trimethylsiloxy 
group; each of R'' and R' consists of hydrocarbon group 
with 1-12 carbon atoms, trimethylsiloxy group or hydro 
philic substituent, and at least one of R'' and R' being 
hydrophilic Substituent. A hydrophilic Substituent in the 
present invention means a linear or cyclic hydrocarbon 
group linked with at least one Substituent Selected from 
hydroxyl group and oxyalkylene group. 

0.126 (b) Amide-group-containing monomers having 
N-vinyl group 

0127 (2) An ophthalmologic lens material described in 
(1) above, wherein the structural unit Y consists of a linkage 
of the structural units I, II" and III shown by the 
following formulas: 

CH 

(SiO) 

CH 
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-continued 
II) 

C2H4CF3 

(SiO) 

CH 
III) 

R13 

(SiO)- 

CH 

0128 wherein, R' is a hydrophilic substituent which is 
linear or cyclic hydrocarbon group linked with at least one 
Substituent Selected from hydroxyl group and oxyalkylene 
group; linking ratio of the structural units I, II and III' 
is (III+III)/(III)=0.5-100 and III/I)=0-1 and total num 
ber of I, II and III is 10-1000. 
0129 (3) An ophthalmologic lens material described in 
(2) above, wherein the structure Y consists of a linkage of 
the structural units I, II" and III, linking ratio of 
structural units IIII and III being (III+III)/III'=1-50 
and II/I)=0.01-0.5, and total number of I, II" and III 
being 20-500. 
0130 (4) An ophthalmologic lens material according to 
(1) above, wherein hydrophilic substituent of hydrophilic 
polysiloxane monomer is expressed by the formula (3b) or 
the formula (4b): 

0131) wherein, R' is a hydrocarbon group with 3-12 
carbon atoms and may have -O-, -CO- or -COO 
group inserted between carbon atoms, number of hydroxyl 
group on the same carbon atom is limited to only one; a is 
larger than 1, 

0132) wherein, R is hydrocarbon group with 3-12 car 
bon atoms and may have -O-, -CO- or -COO 
group inserted between carbon atoms; R' is hydrocarbon 
group with 2-4 carbon atoms and number of carbon atoms 
may be different from each other when b is not less than 2; 
b is 1-200; Z2 is a group Selected from hydrogen, hydro 
carbon group with 1-12 carbon atoms and -OOCR'7 (R'7 
is hydrocarbon group with 1-12 carbon atoms). 
0133 (5) An ophthalmologic lens material described in 
(4) above, wherein hydrophilic substituent is selected from 
the formulas (5b), (6b) and (7b): 

-CHOH (5b) 

-CHOCHCH(OH)CH-OH (6b) 
-CHOCHOH (7b) 

0134 (6) An ophthalmologic lens material described in 
(4) above, wherein hydrophilic substituent is selected from 
the formulas (8b) and (9b): 

-CH (OCH)OH (8b) 
-CH (OCH)OCH (9b) 

0135) wherein, c and d are 2-40. 
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0136 (7) An ophthalmologic lens material described in 
(1) above, wherein the amide-group-containing monomer 
having N-vinyl group is selected from N-vinyl formamide, 
N-vinyl acetamide, N-vinyl isopropylamide, N-vinyl-N-me 
thyl acetamide, N-vinyl pyrrolidone and N-vinyl caprolac 
tam. 

0137 (8) An ophthalmologic lens material described in 
(7) above, wherein the amide-group-containing monomer 
having N-vinyl group is N-methyl acetamide or N-vinyl 
pyrrollidone. 

0138 (9) An ophthalmologic lens material described in 
any of (1)–(8) above, consisting of a copolymer comprising 
at least 10-99% by weight of hydrophilic polysiloxane 
monomer and 1-90% by weight of amide-group-containing 
monomer having N-Vinyl group. 
0139 (10) An ophthalmologic lens material described in 
(9) above, consisting of a copolymer comprising at least 
30-95% by weight of hydrophilic polysiloxane monomer 
and 5-70% by weight of amide-group-containing monomer 
having N-Vinyl group. 

0140 (11) An ophthalmologic lens material described in 
(1)-(10) above, consisting of a copolymer copolymerized 
further comprising a crosslinkable monomer linked with 
urethane group. 
0141 (12) An ophthalmologic lens material described in 
(11) above, prepared by copolymerization of monomers 
comprising a crosslinkable monomer shown by the formula 
(10b): 

(10b) 
R16 R18 

(CH)-Z3-R7-OCC=CH CH-CO-(O) 
| 

O O 

0142 wherein, each of R'' and R', being the same or 
different from each other, is hydrogen or methyl group; Z3 
is urethane linking group; R is a group selected from 
hydrocarbon group with 2-10 carbon atoms and polyoxy 
ethylene group shown by (CHO)CH- (g is 2-40); f is 
0-10; e is 0 when f is 0 and 1 when f is not less than 1. 
0143 (13) An ophthalmologic lens material described in 
(11) or (12) above, wherein a crosslinkable monomer is 
shown by the formula (11b): 

(11b) 
CH CH 

ch-persocio-ch. 
O O 

| 
O 

0144) (14) A soft contact lens made of an ophthalmologic 
lens material described in any of (1)-(13) above. 
0145 (15) A method for manufacturing an ophthalmo 
logic lens in a mold using an ophthalmologic lens material 
described in any of (1)-(14) above, characterized by that the 
Said mold is made of a material with polar group. 
0146 (16) The method for manufacturing an ophthalmo 
logic lens described in (15) above, characterized by that the 
mold material is insoluble to a composition of polymerizable 

Feb. 7, 2002 

monomers and at least one side of the mold for forming lens 
Surface has contact angle to water not higher than 90. 
0147 (17) The method for manufacturing an ophthalmo 
logic lens described in (15) or (16) above, wherein the mold 
material is a resin Selected from polyamide, polyethylene 
terephthalate and ethylene-Vinylalcohol copolymer. 
0148 (18) The method for manufacturing an ophthalmo 
logic lens described in (17) above, wherein the mold mate 
rial is ethylene-Vinylalcohol copolymer. 
0149 (19) The method for manufacturing an ophthalmo 
logic lens described in any of (15)-(18) above, characterized 
by a polymerization by means of an irradiation of UV ray or 
visible light. 
0150 (20) The method for manufacturing an ophthalmo 
logic lens described in any of (15)-(19) above, wherein the 
ophthalmologic lens is a Soft contact lens. 
0151. In this specification, the structure units of I and 
II of hydrophilic polyasiloxane monomers are expressed as 
a block type linkage, but the present invention also includes 
a random linkage type. A hydrophilic Substituent in the Said 
polysiloxane monomers is a linear or cyclic hydrocarbon 
group linked with at leased one Substituent Selected from 
hydroxyl group and oxyalkylene group, and preferably Such 
group as shown by the following formula (3b) or (4b): 

-R'(OH), (3.b) 
0152 wherein, R' is hydrocarbon group with 3-12 car 
bon atoms and may have -O-, -CO- or -COO 
group inserted between carbon atoms, number of hydroxyl 
group on the same carbon atom is limited to only one; a is 
larger than 1, 

-R'-(OR)-OZ’ (4b) 
0153 wherein, R is hydrocarbon group with 3-12 car 
bon atoms and may have -O-, -CO- or -COO 
group inserted between carbon atoms; R is hydrocarbon 
group with 2-4 carbon atoms and number of carbon atoms 
may be different each other when b is not less than 2; b is 
1-200; Z2 is a group Selected from hydrogen, hydrocarbon 
group with 1-12 carbon atoms and -OOCR'7 (R17 is 
hydrocarbon group with 1-12 carbon atoms). 
0154 Preferable hydrophilic group includes: monohydric 
alcohol Substituent such as -CHOH, -CHOH, 
-CHOCHOH, —CHOCH-CH(OH)CH, 
-CHCOOCHOH and -CHCOOCHCH(OH)CHs; 
polyhydric alcohol Substituent Such S 
—CHOCH2CH(OH)CHCH, 
-CHCOOCHCH(OH)CHOH and 
-CHOCHC(CHOH); and polyoxyalkylene substituent 
such as -CH(OCH), OH, -CH(OCH)OH, 
-CH(OCH), OCH, and -CH(OCH)- 
(OCH)OC Ho. Among these, particularly preferable 
groups are: alcohol Substituent Such as -CHOH, 
—CHOCH2CH(OH)CH-OH and —CHOCHOH; and 
polyoxyethylene substituent such as -CH(OCH), OH 
and -CH(OCH)dOCH (c and d are 2-40) from the 
Viewpoints of Superior hydrophilic property and oxygen 
permeability. 
O155 Fluorine-containing substituent provides staining 
resistance to the material, but an exceSS Substitution impairs 
hydrophilic property. A hydrocarbon substituent with 1-12 
carbon atoms linked with fluorine atoms is preferable 
including: 3,3,3-trifluoropropyl group, 1,1,2,2-tetrahydrop 
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erfluorooctyl group and 1,1,2,2-tetrahydroperfluorodecyl 
group. Among these, 3,3,3-trifluoropropyl group is most 
preferable in View of hydrophilic property and oxygen 
permeability. Besides the hydrophilic substituent and the 
fluorine-containing Substituent, Substituents linked to Si 
atom include hydrocarbon group with 1-12 carbon atoms or 
trimethylsiloxy group, being the same or different from each 
other. Preferable group is alkyl group with 1-3 carbon atoms, 
and methyl group is particularly preferable. A polysiloxane 
chain with Small Substituent Such as methyl group is flexible 
and has good oxygen permeability. 

0156 Ratio of linking numbers of the siloxane structure 
unit I and the siloxane structure unit linked with hydro 
philic Substituent II, I/III), is 0.1-200. When the ratio of 
the siloxane Structure unit I decreases, flexibility and 
oxygen permeability of the Siloxane chain decreases, 
whereas reduced content of the hydrophilic substituent low 
erS hydrophilic property and deteriorates Surface water wet 
tability. Total number of the siloxane structure units I and 
II is preferably 10-1000, more preferably 20-500. Shorter 
polysiloxane chain lowers flexibility and oxygen permeabil 
ity of the polymer. Too long Siloxane chain is undesirable 
due to a remarkable increase in Viscosity of a polysiloxane 
monomer itself, which leads to difficulties in manufacturing 
and handling of the monomer together with lower degree of 
polymerization. 

O157. It is preferable from the viewpoint of polymeriza 
tion that polymerizable unsaturated groups are linked to the 
ends of Siloxane chain and Structure of the unsaturated group 
is acrylate or methacrylate group. As a linking group to Si 
atom, hydrocarbon group containing urethane or urea link 
ages is preferable, and may be linked to Si atom through 
oxyethylene group. Urethane or urea linkage is highly polar 
and enhances hydrophilic property and Strength of the 
polymer. A structure having two groups of this linkage can 
be introduced by a reaction with diisocyanate compound, 
and a linking group between the isocyanate linkages is a 
hydrocarbon with 2-13 carbon atoms and may be linear, 
cyclic or aromatic types. Aliphatic hydrocarbon is more 
preferable due to Superior light resistance. Diisocyanate 
compounds used include trimethylene diisocyanate, hexam 
ethylene diisocyanate, cyclohexyl diisocyanate, isophorone 
diisocyanate, 4,4'-dicyclohexyl diisocyanate and 2,4-to 
rylenediisocyanate and the like. 

0158. There are various synthesis methods for the hydro 
philic polysiloxane monomers disclosed in the present 
invention. An example includes the following: A ring 
opening polymerization of a mixture of cyclic Siloxane with 
hydrosilane (Si-H), cyclic siloxane with hydrocarbon 
group and disiloxane with hydroxyalkyl groups at both ends, 
along with cyclic Siloxane with fluorine-Substituted hydro 
carbon group in certain cases, is performed using an acidic 
catalyst Such as Sulfuric acid, trifluoromethaneSulfonic acid 
and acidic clay to obtain hydrosilyl-group-containing pol 
ySiloxane compound having hydroxyl groups at both ends. 
In this case, Siloxane compounds with various degree of 
polymerization and introduction ratioS of fluorine-contain 
ing Substituent and hydrosilyl group can be obtained by 
changing feed ratioS of each cyclic Siloxanes and disiloxane 
compounds. 

0159 Isocyanate substituted acrylates or isocyanate Sub 
Stituted methacrylates are then reacted with hydroxyl groups 
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at the ends of polysiloxane to obtain hydrosilane-containing 
fluorinated Silixane compound with polymerizable unsatur 
ated groups at both ends. Here, isocyanate-Substituted meth 
acrylates include Such monomers as methacryloxyethyliso 
cyanate and methacryloylisocyanate. Isocyanate compounds 
with acrylate or methacrylate group obtained by reacting 
hydroxyl-group-containing acrylate or methacrylate Such as 
hydroxyethyl methacrylate and hydroxybutyl acrylate with 
various diisocyanate compounds are also utilized. 
0160 Then, hydrophilic polysiloxane monomers can be 
obtained by adding a hydrophilic compound with unsatur 
ated hydrocarbon group to the hydrosilane using a transition 
metal catalyst Such as chloroplatinic acid, utilizing So called 
hydrosilylation reaction. In the hydrosilylation reaction, it is 
known that a dehydrogenation reaction occurs as a Side 
reaction if an active hydrogen compound Such as hydroxyl 
group and carboxylic acid is present. Therefore, if these 
active hydrogen atoms are present in a hydrophilic com 
pound to be introduced, the Side reaction should be Sup 
pressed by protecting the active hydrogen atom in advance 
or adding buffer agents (refer to, for example, U.S. Pat. No. 
3,907,851 and JP-B-62-195389). 
0.161 Another rout of synthesis is the following method: 
After Synthesis of hydrosilyl-group-containing polysiloxane 
compound having hydoxyl groups at both ends, hydrophilic 
compound is introduced by hydrosilylation in advance, then 
polymerizable groups are introduced to both ends of the 
Siloxane by reacting with isocyanate-Substituted methacry 
late or the like. 

0162. In this case also, if active hydrogel, which is 
reactive to isocyanate, is present in the hydrophilic com 
pound, Side reaction with isocyanate must be prevented by 
introducing a protective group. Alternatively, Silicate ester 
derivative Such as dimethoxy Silane or diethoxysilane com 
pound instead of cyclic siloxane can be used as a starting 
raw material. Mixtures of two or more hydrophilic polysi 
loxane monomers thus obtained can also be used. 

0163. In a copolymer as a material for an ophthalmologic 
lens, in particular, as a material for a hydrogel Soft contact 
lens of the present invention, a hydrophilic monomer is 
indispensable as a comonomer component in addition to the 
hydrophilic polysiloxane monomer. Preferably an amide 
monomer, an amide monomer containing N-Vinyl group 
among them, is useful to obtain Superior transparency, 
Staining resistance and Surface wettability. Although a rea 
Son for Superiority of the amide monomer containing N-Vi 
nyl group is not clear, it is Supposed that a microwisely 
phase-separated Structure may be formed in the copolymer 
ization with the hydrophilic polysiloxane monomer dis 
closed in the present invention due to remarkably different 
copolymerizability, molecular weight and polarity of these 
monomerS resulting in providing Stable Staining resistance 
and hydrophilic property to lens Surface while maintaining 
transparency. 
0164. An amide monomer containing N-vinyl group is 
selected from N-vinyl formamide, N-vinyl acetamide, N-vi 
nyl isopropylamide, N-vinyl-N-methyl acetamide, N-vinyl 
pyrrollidone and N-Vinyl caprolactam, and mixed use of two 
or more kinds of monomers may be possible. N-vinyl-N- 
methyl acetamide and N-Vinyl pyrrollidone are, in particular, 
preferable. 
0.165 AS for a composition of copolymerization, a 
copolymer is preferably composed of 10-99% by weight of 
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hydrophilic polysiloxane monomer and 1-90% by weight of 
amide monomer containing N-Vinyl group, and more pref 
erably composed of 30-95% by weight of hydrophilic pol 
ysiloxane monomer and 5-70% by weight of amide mono 
mer containing N-Vinyl group. Lower content of hydrophilic 
polysiloxane monomer reduces oxygen permeability and 
flexibility. An exceSS content of amide monomer containing 
N-Vinyl group increases water content and lowerS Strength. 
0166 A material disclosed in the present invention also 
includes copolymers obtained by addition of monomers 
other than the hydrophilic polysiloxane monomer and the 
amide monomer containing N-Vinyl group. Any monomer 
can be used in the present invention So long as it is 
copolymerizable, and hydrophilic monomers, among them, 
are useful for a hydrous material. It is because they have 
good compatibility with the hydrophilic polysiloxane mono 
mer and also can further improve Surface wettability of 
polymer and modify water content. They include, for 
example, monomers containing hydroxyl group Such as 
2-hydroxyethyl methacrylate, 2-hydroxypropyl methacry 
late, 4-hydroxybutyl acrylate and glycerol methacrylate; 
monomers containing fluorine-Substituted group Such as 
3-(1,1,2,2-tetrafluoroethoxy)-2-hydroxypropyl methacry 
late; monomers containing carboxyl group Such as meth 
acrylic acid, acrylic acid and itaconic acid; monomers con 
taining alkyl Substituted amino group Such as 
dimethylaminoethyl methacrylate and diethylaminoethyl 
methacrylate; acrylamide or methacrylamide monomers 
such as N,N'-dimethylacrylamide, N,N'-diethylacrylamide, 
N-methylacrylamide, methylenebisacrylamide and diaceto 
neacrylamide; monomers containing oxyalkylene group 
Such as methoxypolyethylene glycol monomethacrylate and 
polypropylene glycol monomethacrylate; and the like. 
0167 Siloxanyl acrylates are also useful comonomers to 
adjust oxygen permeability. For example, they include tris(t- 
rimethylsiloxy)silylpropyl methacrylate, bis(trimethylsi 
loxy)methylsilylpropyl methacrylate and pentamethyldisi 
loxanyl methacrylate. Polymerizable polydimethylsiloxane 
Substituted with methacrylate group and the like can also be 
used for the similar objective. 
0168 Other monomers, which can be utilized, include 
fluorinated monomerS Such as fluoroalkyl acrylates and 
fluoroalkyl methacrylates, for example, trifluoroethyl acry 
late, tetrafluoroethyl acrylate, tetrafluoropropyl acrylate, 
pentafluoropropyl acrylate, hexafluorobutyl acrylate, 
hexafluoroisopropyl acrylate and methacrylates correspond 
ing to these acrylates. 
0169. Furthermore, alkyl acrylate monomers and alkyl 
methacrylate monomers can also be used if necessary. They 
include, for example, methyl acrylate, ethyl acrylate, n-pro 
pyl acrylate, n-butyl acrylate, Stearyl acrylate and methacry 
lates corresponding to these acrylates. In addition, mono 
mers with high glass transition temperature (Tg) Such as 
cyclohexyl methacrylate, tert-butyl methacrylate and 
isobornyl methacrylate can also be used to enhance 
mechanical properties. 

0170 Moreover, crosslinkable monomers other than 
hydrophilic polysiloxane monomers can be used to improve 
mechanical properties and Stability and adjust water content. 
For example, they include ethylene glycol dimethacrylate, 
diethylene glycol dimethacrylate, triethylene glycol 
dimethacrylate, polyethylene glycol dimethacrylate, trim 
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ethylolpropane trimethacrylate, pentaerythritol tet 
ramethacrylate, bisphenol Adimethacrylate, Vinyl methacry 
late; acrylates corresponding to these methacrylates, 
Siloxane derivatives Such as 1,3-bis(3-methacryloxypropy 
l)tetramethyldisiloxane and the like. 
0171 The inventor of the present invention found out that 
crosslinkable monomers linked with urethane group, in a 
polymerization composition disclosed in the present inven 
tion, were particularly Superior in compatibility and hydro 
philic property, together with improvement of mechanical 
properties. Bifunctional crosslinkable monomers shown by 
the formula (1Ob) are preferable: 

(10b) 
R16 R18 

(CH)-Z3-R7-OCCFCH CH-CO-(O) 
| 

O O 

0172 wherein, R'' and R' are hydrogen or methyl 
group, being the same or different from each other, Z3 is 
urethane linking group; R is selected from hydrocarbon 
group with 2-10 carbon atoms or polyoxyethylene group 
expressed by -(CHO)CH- (g is 2-40); f is 0-10; e is 
0 when f is 0 and 1 when f is not less than 1. 

0173 Although reasons for a Superiority of the above 
compounds as a crosslinkable monomer are not clear, it is 
considered that they have good compatibilities and copoly 
merizability and contribute to strength improvement by 
intermolecular interaction because the hydrophilic polysi 
loxane monomers disclosed in the present invention have a 
Similar urethane group backbone. Examples of crosslinkable 
monomers of urethane linkage type are, 2-methacryloylcar 
bamoyloxyethyl methacrylate, 2-(2-methacryloxycarbam 
oyloxy)ethyl acrylate, 2-(2-methacryloxyethylcarbamoylox 
y)propyl methacrylate, 
2-methacryloxyethylcarbamoyloxytetraethylene glycol 
methacrylate and the like. 

0.174 Particularly, crosslinkable monomers shown by the 
formula (11b) are preferable: 

(11b) 
CH CH 

ch-goelectro-ch. 
O O O 

0.175. These crosslinkable monomers can be used alone 
or in combination of two or more kinds. 

0176). In order to improve a balance of characteristics of 
a hydrophilic material Such as optical characteristics, oxy 
gen permeability, mechanical Strength, recovery from defor 
mation, Staining resistance in wearing, dimensional Stability 
in tear and these durability, mixed monomers of these 
copolymerizable monomers can be used, various additives 
may further be added before or after polymerization, if 
necessary. Examples of additives include dyes or pigments 
with various coloring characteristics and UV absorbers. 
Furthermore, when a lens is manufactured using a mold, 
mold releasing agents Such as Surfactants can be added to 
improve Separation of lens from the mold. 
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0177. A polymer used for an ophthalmologic lens of the 
present invention is formed to an ophthalmologic lens by So 
called a mold method in which a monomer mixture com 
prising, for example, hydrophilic polysiloxane monomer 
and amide monomer containing N-Vinyl group is filled into 
a mold, followed by a radical polymerization by the known 
method, or by So called a spin casting method in which a 
monomer mixture is fed in a rotatable hemisphere mold, 
followed by a polymerization. In these cases, polymerization 
of a Solution of monomer mixture added with Solvents in a 
mold is utilized to adjust degree of polymerization or lens 
Swelling ratio. AS the Solvents to be added, those dissolving 
monomers well are used. Their examples include alcohols 
Such as ethanol and isopropanol; etherS Such as dimethyl 
Sulfoxide, dimethylformamide, dioxane and tetrahydrofran; 
ketons Such as methylethyl keton; esterS Such as ethyl 
acetate; and the like. Two or more of these Solvents are also 
used in combination. 

0.178 Any mold material can be used for mold polymer 
ization or casting polymerization, So long as it is Substan 
tially insoluble to monomer mixture and lens can be sepa 
rated after polymerization. For example, polyolefin resins 
Such as polypropylene and polyethylene can be used, and 
materials having polar groups at a Surface and Small contact 
angle to water are preferable. Polar group here is an atomic 
group with Strong affinity with water and includes hydroxyl 
group, nitrile group, carboxyl group, polyoxyethylene 
group, amide group, urethane group and the like. Preferrable 
mold material is insoluble to a polymerization monomer 
composition and has contact angle to water at least at the 
part for forming one lens Surface, not higher than 90, 
preferably 65-80, by the sessile drop method. A lens formed 
using a mold material having Surface contact angle Smaller 
than 80 shows particularly Superior water wettability and 
Stable performance in lipid deposition and the like. A mold 
material having Surface contact angle Smaller than 65 is not 
practical because it has a difficulty in lens Separation from 
the mold material after polymerization, resulting in minute 
Surface damages or fractures at an edge part of lens. A mold 
material Soluble to monomer compositions is also difficult to 
use practically because it causes the Separation problem of 
a lens, rough lens Surface and low transparency. For 
example, acrylic or Styrene-based resins Such as methyl 
methacrylate copolymer and Styrene copolymer can not be 

CH 
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used because they are Soluble to a composition comprising 
amide monomers disclosed by the present invention, 
although they have Superior molding characteristics. 

0179 More preferably, a mold material is a resin selected 
from polyamide, polyethylene terephthalate and ethylene 
Vinylalcohol copolymer, and ethylene-Vinylalcohol copoly 
mer is particularly more preferable from the Viewpoints of 
an easineSS in molding itself providing a dimensionally 
Stable mold and giving stable water wettability to lens. 
Ethylene-Vinylalcohol copolymer resin to be used is avail 
able as “Soarlite” from The Japan Synthetic Chem. Ind. Co. 
Ltd. or “EVAL” from Kuraray Co., Ltd. Various grades with 
ethylene copolymerization ratio of about 25-50% by mole 
can be used in the present invention. In addition, polyeth 
ylene terephthalate with low crystallinity is difficult to be 
used as a mold material due to solubility problem for 
monomer compositions, but a grade with enhanced crystal 
linity can be used. For example, a drawn film of polyeth 
ylene terephthalate can be used by forming to a mold shape. 

0180. As a method for initiating polymerization in lens 
molding, a photopolymerization method to polymerize by 
UV or visible light irradiation in the presence of photopo 
lymerization initiators in a monomer mixture, or a radical 
polymerization method to thermally polymerize using azo 
compounds or organic peroxides, may be used. Examples of 
photopolymerization initiator are benzoin ethyl ether, benzyl 
dimethyl ketal, C.C.'-diethoxyacetophenone and 2,4,6-trim 
ethylbenzoyl diphenyl phosphine oxide, examples of 
organic peroxide are benzoin peroxide and t-butyl peroxide, 
and examples of azo compound are azobisisobutyronitorile 
and azobisdimethylvaleronitorile. Among them, a photopo 
lymerization method is preferable due to providing a stable 
polymerization in a short cycle time. 

0181 Surface of molded lens may be modified, if nec 
essary, by applying plasma treatment, OZone treatment, graft 
polymerization or the like. 

0182. The present invention further includes the follow 
ing compounds as a hydrophilic polysiloxane monomer 
shown by the formula (1). 
0183 (1) Abifunctional orgonosiloxane monomer shown 
by the following formula (1c): 

(1c) 
CH. R. 

CH=C-COO-CHNHCOO--CHO-a-CHSIO-(SiO-)-SiCH--OCH 

CH. R. 

CH 

O-CONH-R-NHCOO-R-CONH-R-NHCOO--CHO--CHSIO 
CH 

R3 CH 

(SiO) 

R4 CH 

CH 

Si-CH-FOCH-O-CONHCH-OCO-C=CH 
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0184 wherein, each of R', R, R and R is a group 
selected from -CH and -CHCHCF, being the same or 
different from each other; m+n is an integer of 7-1000; 

0185. R is a group selected from hexamethylene 
group, tetramethylene group, dicyclohexylmethane 
group, hydrogenated tolylene group, hydrogenated 
Xylylene group and isophorone group; a is an integer 
of 0-20; R is a group selected from -(CHO), 
-(CHC(CH-)HO) and -(CHO), 1 being 
an integer of 1-40. 

0186 (2) Abifunctional organosiloxane monomer shown 
by the following formula (2c): 

CH CH. R. 
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-CHCHCF, being the same or different from each other; 
m, o, p and rare integers of 5-500; b is an integer of 0-20; 

0188 each of R, R, R and R is a group 
selected from -CH and -(CH2CH2O), CH, being 
the Same or different from each other; n and q are 
integers of 1-500; S is an integer of 1-40; 

0189 R' is a group selected from hexamethylene 
group, tetramethylene group, dicyclohexylmethane 
group, hydrogenated tolylene group, hydrogenated 
Xylylene group and isophorone group; 

0190) R' is a group selected from -(CHO) , 
-(CHC(CH4)HO)- and -(CHO), 1 is an inte 

(2c) 

CH=C-COO-CHNHCOO--CHO-in-CH(SiO-(SiO-m (SiO), 

R11 CH 

SiO-)-SiC.H. (OCH) -O-CONH-R19-NHCOO-R20-CONH-R19 b 

R12 CH 

CH R13 R15 R17 

NHCOO--CHO-in-CH(SiO-(SiO (SiO) (SiO); 
CH R4 R16 R18 

CH CH 

SH-CH-i-OC-Hi-O-CONHCH-OCO-C=CH, 

CH 

0187 wherein, each of R7, R, R'', R, R, R', R7 
and R is a groups selected from -CH and 

CH 

ger of 1-40. (3) A bifunctional organopolysiloxane 
monomer shown by the following formula (3c): 

(3.c) 

CH=C-COO-CH-O-CONH-R25-NHCOO-R26-CONH-R25-NHCO 

CH 

OCH-O-CHSiO-(SiO) - (SiO) 

CH 

R21 R23 CH 

Si-CH-FOCH-O-CONH 

R22 R24 CH 

CH 

R25-NHCO-O-R26-CO-NH-R-NHCO-O-CH-OCO-Ö=CH 
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0191) wherein, each of R and R’ is a group selected 
from -CH and -CHCHCF, at least one of them being 
-CH; m is an integer of 5-500; m +n is an integer of 
7-1000; c is an integer of 0-20; 

0192 each of R and R' is a group selected from 
-CH and -CH2CHCF, at least one of them 
being -CHCHCF; n is an integer of 0-500; 

0193 R25 is a group selected from hexamethylene 
group, tetramethylene group, dicyclohexylmethane 
group, hydrogenated tolylene group, hydrogenated 
Xylylene group and isophorone group; 

0194 R is a group selected from -(CHO) , 
-(CHC(CH-)HO) and -(CHO) ; 1 is an 
integer of 1-40; 

0.195 R group in the formula (1c), R' group in the 
formula (2c) and R group in the formula (3c) are 
residual groups of bifunctional isocyanate and 
include, for example, hexamethylene diisocyanate, 
tetramethylene diisocyanate, 2,4,4-trimethyl-1,6- 
hexamethylene diisocyanate, methyl 2,6-diisocyan 
atecaproate, 3-isocyanate methyl-3,5,5-trimethylcy 
clohexyl isocyanate, dicyclohexylmethane-4,4'- 
diisocyanate, hydrogenated Xylene isocyanate, 
hydrogenated tolylene diisocyanate and isophorone 
diisocyanate. Among them, residual groups of heX 
amethylene diisocyanate and isophorone diisocyan 
ate are preferable in view of well-balanced mechani 
cal characteristics of a lens, 

0196) R, R and R groups are residual groups of 
polyoxyalkylene glycol and include groupS. Such as 
polyethylene glycol, polypropylene glycol and poly 
tetraethylene glycol, and those with polymerization 
degree of 1-40 can be used. Among them, polyeth 
ylene glycol is preferable due to providing Superior 
water wettability of lens and Staining resistance 
performance. 

0197) A bifunctional organopolysiloxane monomer 
shown by the formula (1c) and (2c) can be obtained, for 
example, by reacting two molar equivalent of a diol having 
polysiloxane Structure obtained by a ring-opening insertion 
reaction among 1,3-bis-(hydroxyethoxypropyl)tetrameth 
yldisiloxane, octamethylcyclotetrasiloxane and 1,3,5-trif 
luoropropyltrimethylcyclotrisiloxane, with an isocyanate 
modified compound at both ends of polyethylene glycol 
obtained, for example, by a reaction of polyethylene glycol 
and two molar equivalent of hexamethylene diisocyanate, 
together with methacryloxyethyl isocianate. 

0198 Furthermore, a bifunctional organopolysiloxane 
monomer shown by the formula (3c) can be obtained, for 
example, by reacting a diol having polysiloxane Structure 
obtained, for example, by a ring-opening insertion reaction 
between 1,3-bis-(hydroxyethoxypropyl)tetrameth 
yldisiloxane and octamethylcyclotetrasiloxane, together 
with, if necessary, 1,3,5-trifluoropropyltrimethylcy 
clotrisiloxane, with an excess amount of an isocyanate 
modified compound at both ends of polyethylene glycol 
obtained, for example, by a reaction of two molar equivalent 
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of hexamethylene diisocyanate, followed by reacting thus 
obtained product with ab excess amount of 2-hydroxyethyl 
methacrylate. 

0199 An ophthalmologic lens material obtained by copo 
lymerization of a hydrophilic polysiloxane monomer and an 
amide monomer containing N-Vinyl group disclosed in the 
present invention is Superior in transparency, water wetta 
bility, oxygen permeability and Staining resistance. 
Although the material can be used for a hard lens Such as a 
hard contact lens, it is useful for an application to a Soft lens, 
in particular, a-hydrogel Soft contact lens. The material is, of 
course, also useful for an intraocular lens or a cornea lens. 
An ophthalmologic lens material disclosed by the present 
invention includes a hydrogel Soft contact lens with contact 
angle in a range of 10-50 and 30-90 by the captive bubble 
method in water and by the Sessile drop method in air, 
respectively, OXygen permeability of not leSS than 30 and 
water content of not less than 5%, and further a hydrogel soft 
contact lens with contact angle in a range of 10-40 and 
30-80 by the captive bubble method in water and by the 
Sessile drop method in air, respectively, oxygen permeability 
of not less than 80 and water content of not less than 9%. 
They provide a contact lens suitable for 30 days of continu 
ous-wearing as described above. 

0200 Hereinbelow, the present invention will be further 
explained in detail using Examples, but the present inven 
tion should not be limited by these Examples. 

0201 Evaluation methods for lens characteristics in the 
Examples 1-7 and the Comparative Examples 1-3 are as 
follows. 

0202) (1) Water Content 
0203 A Soft contact lens was immersed in purified water 
at 37 C. for 72 hours. After taking out and quick wiping off 
of Surface water, the lens was weighed precisely. The lens 
was then dried at 80° C. in a vacuum dryer to a constant 
weight. Water content was calculated from a weight change 
as follows. 

water content=(weight difference/weight before dry 
ing)x100 (%) 

0204 (2) Oxygen Permeability (Dk Value) 

0205 Dk value was determined in physiological saline 
solution at 35 C. according to Standard Measurement 
Method for Dk Value by Japan Contact Lens Association, 
using an oxygen permeability measurement instrument for 
film, Model K-316-IPI manufactured by Rika Seiki Ind. Co., 
Ltd. 

0206. An expression of Dk value;x10'(cm?/sec) (ml 
O/mlxmmHg) 

0207 (3) Tensile Modulus 
0208 Test pieces of about 3 mm width were cut out from 
a central part of lens and tensile modulus (unit; dyne/cm) 
was determined from a initial slop of a StreSS-Strain curve 
obtained by tensile test at the rate of 100 mm/min in 
physiological Saline Solution at 25 C., using Autograph 
(Model AGS-50B manufactured by Shimadzu Corp.). 
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0209 (4) Protein Deposition 

0210. A model soiling solution with the following com 
position was prepared. 

NaCl 0.9 weight % 
NaHPO4 0.0184 weight % 
NaHPO4 0.076 weight % 
Egg lysozyme 0.12 weight % 
Bovine serum albumin 0.388 weight % 
CaCl2(H2O), 0.0407 weight % 

0211) A lens was immersed in 2 ml of the solution at 37 
C. for 24 hr, then washed by shaking in purified water for 30 
min., followed by taking out and gentle wiping off of Surface 
Water. 

0212. The lens was then immersed in 2 ml of protein 
assay reagent (BCA liquid), followed by reacting at 40° C. 
for 5 hours, and absorption at UV 562 nm was measured 
using a spectrophotometer (Model V-550 manufactured by 
Japan Spectrophotometer Co., Ltd.) 

0213 An amount of protein adhered per lens was deter 
mined using a calibration line measured Separately. 

0214 (5) Lipid Deposition 

0215. A lens was immersed in a phosphoric acid buffer 
dispersed solution containing 1% of olive oil and kept at 40 
C. for 20 hours in a constant temperature oven. The lens was 
immersed in 5 ml of purified water in a container, then 
washed by shaking for 30 sec. Washing was repeated five 
times. After vacuum drying, the lens was extracted with a 
mixed solvents of chloroform/methanol: 2/1. The extract 
was then colored with triglyceride Greagent, and absorption 
at 505 nm was measured using a spectrophotometer (Model 
V-550 manufactured by Japan Spectrophotometer Co., Ltd.). 
An amount of lipid deposition per lens was determined using 
a calibration line measured Separately. 

0216 (6) Water Wettability 
0217 Water wettability of a surface of soft contact lens 
was evaluated by measuring contact angle. Contact angle 
was measured by the captive bubble method in purified 
water using a contact angle tester (Model CA-DT manufac 
tured by Kyowa Kaimen Kagaku Co., Ltd.). In addition, in 
order to evaluate water wettability in a dry State of a lens, 
measurement by the Sessile drop method was also carried 
out. The measurements of contact angle by the captive 
bubble method and the sessile drop method were performed 
at 25 C. in accordance with Journal of Japan Contact Lens 
Society, 25 (1), 100, 1983. Smaller value and difference in 
both methods mean more Superior water wettability, along 
with little change by drying of lens. On a recovered lens after 
wearing, water wettability was also evaluated by Visual 
inspection on a State of water film maintained on a lens 
Surface when it was pulled up from Storage liquid. A case 
when Wet State was maintained in whole Surface for not leSS 
than 30 Sec. was ranked as "Superior', a case when Wet State 
was lost even partly within one Sec. was ranked as "poor', 
and a case when Wet State was maintained for a time between 
them was ranked as "good”. 
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0218 (7) Wearing Test on a Rabbit Eye 
0219 Corneal curvature of a white rabbit was measured, 
and a lens with 13.5 mm of diameter, 0.05 mm of center 
thickensS, -3.00 diopter of power and base curve larger than 
the measured curvature by about 0.2 mm was used for 
wearing test and observed for 21 days. A State of wearing 
was recorded and a cornea was inspected in every 7 days by 
Visual inspection and fluorescence dying. 
0220 (8) Measurement of Vickers Hardness 
0221) A micro hardness tester for light loading (Model 
MVK-IS manufactured by Akashi Seisakusyo Co., Ltd.) was 
used. Test piece was polished to mirror finish, Stored in a 
Silica gel desiccator, then hardness was measured at 25 C. 

EXAMPLE 1. 

0222 Synthesis of Hydrophilic Siloxanyl Methacrylate 
0223) A solution of 12.4 g of 2-isocyanatoethyl meth 
acrylate in 30 ml of cyclohexane was prepared, then Said 
solution was added dropwisely into a solution of 30 g of 
tris(trimethylsiloxy)silyl propyloxyethyl alcohol in 50 ml of 
cyclohexane added with 0.03 g of dibutyltin laurate, fol 
lowed by reacting for 24 hours at 50 C. After finishing the 
reaction by confirming disappearance of isocyanate group 
by an infrared Spectrum, the reaction mixture was Stirred 
with adding water, and further stirred with adding 500 ml of 
n-hexane, then about 1000 ml of Saturated acqueous NaCl 
Solution. The organic layer was separated, and dried by 
adding magnesium Sulfate. Removal of the Solvent under a 
reduced pressure gave 32 g of hydrophilic siloxanyl meth 
acrylate shown by the following formula I1: 

(I1) 

CH 

CHCCCOOCHNHCOO-CHAOCH-Si-O-Si(CH)) 

0224 Preparation of Lens 
0225. A mixture of 9.5 parts by weight of thus obtained 
hydrophilic siloxanyl methacrylate, 23.5 parts by weight of 
tris(trimethylsiloxy)silylpropyl methacrylate, 30.5 parts by 
weight of N-vinylpyrrolidone, 23.5 parts by weight of 
N-dimethyl acrylamide, 7 parts by weight of trifluoroethyl 
methacrylate, 5 parts by weight of 1,1,2,2-tetrafluoroethoxy 
2-hydroxypropyl methacrylate, 0.9 parts by weight of eth 
yleneglycol dimethacrylate and 0.1 parts by weight of azo 
bisisobutylonitrile (hereinafter “AIBN”) was dissolved and 
mixed under nitrogen atmosphere. 
0226. The mixture was poured into a test tube made of 
propylene with a diameter of 16 mm, and polymerized for 72 
hours at 90° C. resulting in a transparent polymer with 
Vickers Hardness of 8.4. 

0227. From the polymer thus obtained, a lens with base 
curve: 9.0 mm, power:-3.00 diopter, diameter: 14.0 mm and 
thickness at center: 0.05 mm was prepared by a lathe-cutting 
and polishing method. By Swelling the dry lens obtained 
with a physiological Saline Solution for 3 hours then with a 
soaking solution for 16 hours at 90° C. gave a hydrogel soft 
lens. The lens obtained showed, after dipping in purified 
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Water for 72 hours at 37 C., 46% of water content and 
1.0x10 dyne/cm of tensile modulus. Depositions of pro 
teins and lipids to the lens were evaluated by dipping the 
lens in a model Soiling Solution proving leSS deposition Such 
as 10 ug/lens for protein and 40 ug/lens for lipid. In addition, 
oxygen permeability (Dk value) measured with a disk hav 
ing a given thickness was 60, and water wettability was 22 
by the captive bubble method and 60 by the sessile drop 
method. 

0228. The lenses described above were worn on eyes of 
a white rabbit for continuous 21 days, and showed a Smooth 
movement without adhesion and little deposition on the 
lenses. In addition, it was proved that the lenses were Safe 
enough for an extended-wearing without showing any prob 
lem on the eyes of the rabbit. The recovered lenses main 
tained the Superior water wettability, and did not show any 
change during use in the lens performances. 

EXAMPLE 2 

0229. A transparent polymer was obtained by polymer 
izing according to the same method as described in the 
Example 1 except for using 18 parts by weight of hydro 
philic Siloxanyl methacrylate and 15 parts by weight of 
tris(trimethylsiloxy)silylpropyl methacrylate. From the 
polymer thus obtained, hydrogel Soft lenses having 44% of 
water content and 1.2x107 dyne/cm of tensile modulus 
were prepared. Furthermore, depositions of proteins and 
lipids were So little as 5 lug/lens and 38 ug/lens, respectively, 
and Dk value was 60. Water wettability was 200 by the 
captive bubble method and 56 by the sessile drop method. 

EXAMPLE 3 

0230. As a hydrophilic siloxanyl methacrylate, a mono 
mer having a fluorosiloxanyl alkyl group shown by the 
formula (2a) was Synthesized similarly to the Synthesis 
method in the Example 1. The monomer obtained was 
polymerized similarly to the method in the Example 1 
resulting in a polymer, from which lenses were prepared 
similarly to the method in the Example 1. Water content and 
tensile modulus were 40% and 1x107 dyne/cm', respec 
tively. In addition, depositioins of proteins and lipids were 
So little as 12 tug/lens and 35 lug/lens, respectively, and Dk 
value was 65. Water wettability was 20 by the captive 
bubble method and 57 by the sessile drop method. 

EXAMPLE 4 

0231. As a hydrophilic siloxanyl methacrylate, a mono 
mer having a siloxanyl alkyl group (l=10) shown by the 
formula (3a) was Synthesized similarly to the Synthesis 
method in the Example 1. The monomer obtained was 
polymerized similarly to the method in the Example 1 
resulting in a polymer, from which lenses were prepared 
similarly to the method in the Example 1. Water content and 
tensile modulus were 40% and 0.9x107 dyne/cm’, respec 
tively. In addition, depositions of proteins and lipids were So 
little as 15 lug/lens and 45 lug/lens, respectively, and Dk value 
was 68. Water wettability was 24 by the captive bubble 
method and 63 by the sessile drop method. 

EXAMPLE 5 

0232 A mixture of 15 parts by weight of hydrophilic 
Siloxanyl methacrylate, 25 parts by weight of tris(trimeth 
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ylsiloxy)silylpropyl methacrylate, 27 parts by weight of 
N-vinylpirrolidone, 20 parts by weight of N-dimethylacry 
lamide, 7 parts by weight of trifluoroethyl methacrylate, 5 
parts by weight of 1,1,2,2-tetrafluoroethoxy-2-hydroxypro 
pyl methacrylate, 0.9 parts by weight of ethyleneglycol 
dimethacrylate and 0.1 parts by weight of AIBN was poly 
merized similarly as in the Example 1 giving a transparent 
polymer having a Vickers Hardness of 7.5. 
0233. From the polymer obtained, lenses were prepared 
by the lathe-cutting and polishing method So that they had 
base curve of 8.5 mm, power of -3.00 diopter, size of 14.0 
mm and center thickness of 0.05 mm. The dry lenses 
obtained were Swelled in a physiological Saline Solution for 
3 hours then in a soaking solution for 16 hours at 90° C. to 
give hydrous Soft lenses. Water content and tensile modulus 
of the lenses obtained after dipping in purified water for 72 
hours at 37° C. were 30% and 1.1x107 dyne/cm’, respec 
tively. Depositions of proteins and lipids to the lens were 
evaluated by dipping the lens in a model Staining Solution 
proving leSS deposition Such as 12 lug/lens for proteins and 
35 lug/lens for lipids. In addition, oxygen permeation coef 
ficient (Dk value) measured with a disk having a given 
thickness was 75, and water wettability was 22 by the air 
bubble method and 60 by the droplet method. 
0234. The lenses described above were worn on eyes of 
a white rabbit for continuous 21 days, and showed a Smooth 
movement without adhesion and little deposition on the 
lenses. In addition, it was proved that the lenses were Safe 
enough for an extended-wearing without showing any prob 
lem on the eyes of the rabbit. The recovered lenses showed 
good water wettability, and did not show any change during 
Sc. 

EXAMPLE 6 

0235. The mixture of the monomers used in the Example 
1 except for changing AIBN to 2,4,6-trimethylbenzoyl 
diphenylphosphin oxide (hereinafter “TPO”) was poured 
into a lens-shaped mold made of ethylene-Vinylalcohol 
copolymer for casting polymerization, then polymerized by 
an irradiation of UV ray followed by hydration to give soft 
contact lenses. Evaluations of physical properties of the lens 
carried out Similarly to the Example 1 gave water content of 
46% and Dk value of 60 both of which were same as in the 
Example 1, and proved that depositions of proteins and 
lipids were So little as 18 lug/lens and 150 lug/lens, respec 
tively. Water wettability was 22 by the captive bubble 
method and 54 by the sessile drop method showing no 
decrease of water wettability of a Surface by drying. An 
extended-wearing test with rabbit eyes showed leSS deposi 
tions and no deformation. Also water wettability was kept in 
a Superior State without any change during use, and the water 
film on a Surface did not disappear when the lens was taken 
out from the Soaking Solution. 

COMPARATIVE EXAMPLE 1. 

0236 A polymerization was carried out according to the 
method described in the Example 1 except for using no 
hydrophilic siloxanyl methacrylate and 33 parts by weight of 
tris(trimethylsiloxy)silylpropyl methacrylate. Button-like 
test pieces were prepared from the polymer thus obtained. 
An inspection of distortion showed a slight optical distor 
tion. Hydrogel Soft lenses were prepared as in the Example 
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1. Results of the evaluation on their physical properties 
showed water content of 45% and Dk value of 45 both of 
which were similar to the results in the Example 1, but more 
depositions of proteins and lipids which were 20 tug/lens and 
255 ug/lens, respectively. Water wettability was 21 by the 
captive bubble method and 110 by the sessile drop method, 
and it became worse by drying with a remarkable change in 
a contact angle. 

0237 Along-wearing test with rabbit eyes showed more 
deposition and a partial deformation of the lens. Recovered 
lenses showed poor water wettability, and showed a State in 
which the lens lost water film on its surface immediately 
when it was taken out from the Soaking Solution. 

COMPARATIVE EXAMPLE 2 

0238. The mixture of the monomers described in the 
Example 6 was poured into a lens-shaped mold for casting 
polymerization made of polypropylene, then polymerized by 
an irradiation of UV ray followed by Swelling to give soft 
contact lenses. Evaluations of physical properties of the 
lenses carried out Similarly to the Example 1 gave water 
content of 46% and Dk value of 60 both of which were same 
as in the Example 6, but showed more depositions of 
proteins and lipids which were 45 lug/lens and 450 tug/lens, 
respectively. Water wettability was 26 by the captive 
bubble method and 115 by the sessile drop method showing 
a remarkable difference between them, and water wattability 
of a Surface decreased by drying. An extended-wearing test 
with rabbit eyes showed much deposition, a partial defor 
mation of the lens. Water wettability also changed drasti 
cally, and the water film on a Surface disappeared immedi 
ately when the lens was taken out from a Soaking Solution. 

EXAMPLE 7 

0239). A hydrophilic polysiloxane monomer shown by the 
formula (8a) was Synthesized by a reaction of corresponding 
dihydroxypropyl polysiloxane and 2-isocyanatoethyl meth 
acrylate. 

0240 A mixture of monomers comprising 70 parts by 
weight of the hydrophilic polysiloxane monomer described 
above, 15 parts by weight of N-vinylpirrollidone, 15 parts by 
weight of N,N-dimethylacrylamide, 5 parts by weight of 
trifluoroethyl methacrylate, 1 part by weight of ethyleneg 
lycol dimethacrylate and 0.5 parts by weight of TPO was 
poured into a lens-shaped mold for casting polymerization 
made of ethylene-Vinylalcohol copolymer, then polymerized 
by an irradiation of UV ray followed by hydration to give 
Soft contact lenses. Evaluations of physical properties of the 
lenses carried out Similarly to the Example 1 gave water 
content of 23% and Dk value of 160, and little depositions 
of proteins and lipids which were 18 lug/lens and 50 tug/lens, 
respectively. Water wettability was 21 by the captive 
bubble method and 54 by the sessile drop method showing 
no decrease of water wettability of a Surface by drying. 

0241 An extended-wearing test with rabbit eyes showed 
little depositioins and no deformation. Water wettability was 
also maintained in a Superior State without any change 
during use, and a water film on a Surface did not disappear 
for 60 Seconds when the lens was taken out from a Soaking 
Solution. 
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(8a) 

CH CH 
H 

tic-c-coo-clich-n-co-cha 
CH 

Y 
CH CH 

H 
Si- (-CH-) -OOC-N-CHCH-OOC-C=CH 

CH 

0242 wherein, 

(I) 
CH 

-o- 
CH 

Number of (I): about 65 

(II) 
CHCHCF 

co 
CH 

Number of (II): about 46 
(I),(II) = 1.41 

COMPARATIVE EXAMPLE 3 

0243 The mixture of the monomers in the Example 7 
was poured into a lens-shaped mold for casting polymer 
ization made of polypropylene, then polymerized by an 
irradiation of UV ray followed by hydration to give soft 
contact lenses. Evaluations of physical properties of the lens 
carried out Similarly to the Example 7 gave water content of 
24% and Dk value of 165, and showed much adhesions of 
proteins and lipids which were 60 lug/lens and 350 tug/lens, 
respectively. Water wettability was 26 by the captive 
bubble method and 120 by the sessile drop method, and 
showed a remarkable decrease of water wettability of a 
Surface by drying. 

0244. An extended-wearing test with rabbit eyes resulted 
in that the lenses became cloudy due to much depositions 
and also were deformed. Water wettability varied during use 
and water Screen of a Surface disappeared immediately when 
they were taken out from a storage liquid. 

0245. The present invention will be further explained in 
more detail with the following Synthesis Examples, 
Examples 8-22 and Comparative Examples 4-14. However, 
the present invention is not limited by these Examples. Each 
evaluation item was measured as follows. 
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0246 (1) Optical Transparency 
0247 Evaluation was performed by visual inspections 
and results were ranked as follows: finely transparent with 
out cloudiness, o, translucent with cloudiness; A, opaque 
with cloudiness, X. 

0248 (2) Water Wettability 
0249 Wettability to the purified water was evaluated by 
Visual inspections. Lenses were pulled up vertically after 
dipping in the purified water for one day, then water wet 
tability was ranked by a time for which water film was 
maintained for: 5 Seconds or more, o, 1-5 Seconds; A, 1 
Second or less, X. 

0250 (3) Water Wettability in Dry State 
0251 A Lens was dipped in the purified water then taken 
out. After wiping off adhered water, the lens was left for 10 
minutes at 25 C. After dipping in the purified water, the lens 
was pulled up vertically, then water wettability was evalu 
ated and ranked by a time for which water film was 
maintained for: 5 Seconds or more, o, 1-5 Seconds; A, 1 
Second or less, X. 

0252 (4) Contact Angle 
0253 Contact angle of a water drop on a surface of mold 
material was measured using a contact angle measuring 
instrument (manufactured by Kyowa Kaimen Kagaku Co., 
Ltd., Model CA-DT) at 25 C. (by the sessile drop method 
in air). 
0254 (5) Water Content 
0255 Measurement was performed according to the 
method as described in the Example 1-7. 
0256 (6) Oxygen Permeability (Dk Value) 
0257 Measurement was performed by the electrode 
method using a Model K-316-IPI oxygen permeability mea 
surement instrument for film manufactured by Rika Seiki 
Kogyo Co., Ltd. according to the Standard Dk Value Mea 
Suring Method of Japan Contact Lens ASSociation. AS the 
test pieces, lenses having diameter of 14 mm and thickneSS 
of about 0.1-0.5 mm were prepared using a mold to provide 
for the measurement. The measurement was performed in a 
physiological Saline Solution at 35 C. An oxygen perme 
ability was obtained from a slope of a line of oxygen 
permeation amount verSuS Sample thickness. Dk value was 
expressed by a unit ofx10'I(mlxcm)/(cm xsecxmmHg)). 
0258 (7) Tensile Strength 
0259 Measurement was performed using Autograph 
AGS-50B manufactured by Shimadzu Corp. in a physiologi 
Cal Saline solution at 25 C. Strength at break was measured 
with a center part having a width of 3 mm cut out from a 
lens. A unit is (g/mm). 
0260 (8) Lipid Deposition 
0261 Measurement was performed according to the 
method as described in the Examples 1-7. 
0262 (9) Solubility 
0263 Solubility of a mold material to a mixture of 
monomers was evaluated by the following method. One 
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drop of a mixture of monomers was dropped on a flat Surface 
of various kinds of mold and sheet-like materials, and left 
for 1 hour at 25 C. After wiping off the mixture of 
monomers with a Soft cloth, the wiped-off-Surface was 
inspected and ranked as follows: no change at all, o, cloudy 
Surface; A, corroded uneven Surface, X. 

SYNTHESIS EXAMPLE 1. 

0264. Synthesis of Polysiloxanediol having Hydrosilane 
Groups (A1) 

0265 A mixture of 150 g of octamethylcyclotetrasilox 
ane, 22.6 g of 1,3,5-trimethyltrifluoropropylcy 
clotrisiloxane, 17.4 g of 1,3,5,7-tetramethylcyclotetrasilox 
ane, 7.2 9. of 1,3-bis(4- 
hydroxypropyl)tetramethyldisiloxane, 200 g of chloroform 
and 1.5g of trifluoromethane sulfonic acid was stirred for 24 
hours at 25 C., then washed repeatedly with purified water 
until a pH of the mixture became neutral. After water was 
separated, chloroform was distilled off under the reduced 
preSSure. The residual liquid was dissolved in isopropanol, 
reprecipitated with methanol, followed by removal of vola 
tile components under the vacuum from a separated liquid to 
give a transparent Viscous liquid. The Said liquid was the 
Siloxanediol having hydrosilane groups (A1) expressed by 
the following formula with a yield of 98 g. Here, although 
the Structural formula of the linking group Y is shown as a 
block structure composed of each siloxane unit, actually it 
contains random Structures, and this formula Shows only a 
ratio of each Siloxane unit. This is also the same in the 
following Synthesis Examples. 

CH CH 

HOCHSIO-Y-SiCHOH 

CH CH 

wherein, 

Y: 

fl. pict t 
jor- so son 
CH CH CH 

0266 Synthesis of Polysiloxane-dimethacrylate having 
Hydrosilane Groups (B1) 

0267 A mixture of 50 g of the siloxanediol described 
above, 3.9 g of methacryloyloxyethyl isocyanate, 100 g of 
dry acetone and 0.02 g of dibutyltin dilaurate was poured in 
a brown-colored flask and stirred for 24 hours at 25 C., then 
further stirred after an addition of 1.4 g of purified water. 
Subsequently, acetone was distilled off under the reduced 
preSSure, and the resulting liquid was washed with methanol 
followed by removal of volatile components under the 
Vacuum again to give a transparent Viscous liquid. The Said 
liquid was the polysiloxane-dimethacrylate having hydrosi 
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lane groups (B1) expressed by the following formula with a 
yield of 48.7 g: 

(B1) 
CH CH 

CH2=CCOCHNHOCHSIO-Y 

CH O O 

CH CH 

SiCHOCNHCHOCCFCH 

CH 
| 
O O 

wherein, 
CH3 CHCF3 H 

CH3 CH3 CH3 

0268 Synthesis of Polysiloxane-dimethacrylate having 
Alcohol Groups (C1) 

0269. A mixture of 48g of the polysiloxanedimethacry 
late (B1) described above, 11.6 g of allyl alcohol, 96 g of 
isopropyl alcohol, 0.04 g of potassium acetate, 10 mg of 
chloroplatinic acid and 10 mg of di-t-butylcresol was 
charged into a flask with a reflux condenser and heated with 
Stirring for 3 hours at 50 C. The reaction mixture was 
filtered, then isopropanol was distilled off under the reduced 
preSSure, followed by Washing with a mixture of methanol/ 
water. Further removal of volatile components under the 
Vacuum gave a transparent Viscous liquid. The Said liquid 
was the polysiloxane-di-methacrylate having alcohol groups 
(C1) shown by the following formula: 

(C1) 
CH CH 

CHFCCOCHNHOCHSIO-Y 

CH O O 

CH CH 

SiCHOCNHCHOCCFCH 

O O CH 
wherein, 

CH3 CH3 CH3 

SYNTHESIS EXAMPLE 2 

0270 Synthesis of Polysiloxane-dimethacrylate having 
Alcohol Groups (C2) 

0271. A mixture of 35 g of the polysiloxanedimethacry 
late having hydrosilane groups (B1) described in the Syn 
thesis Example 1, 15 g of 3-allyloxy-1,2-propanediol, 80 g 
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of isopropyl alcohol, 0.03 g of potassium acetate, 6 mg of 
chloroplatinic acid and 7 mg of di-t-butylcresol was charged 
into a flask with a reflux condenser, and reacted and purified 
similarly as in the synthesis of (C1) in the Synthesis 
Example 1 to give 33 g of a transparent Viscous liquid. The 
product was the polysiloxane-dimethacrylate having alcohol 
groups (C2) wherein the linking group Yin the formula (B1) 
in the Synthesis Example 1 was shown by the following 
formula: 

(C2) 
CH, CH4CF, CHOCH2CH(OH)CH2OH 

CH, CH CH 

SYNTHESIS EXAMPLE 3 

0272 Synthesis of Polysiloxane-diol having Hydrosi 
lane Groups (A2) 
0273 A mixture of 190 g of octamethylcyclotetrasilox 
ane, 100 g of 1,3,5-trimethyltrifluoropropyl-cyclotrisilox 
ane, 7.7 g of 1,3,5,7-tetramethyl-cyclotetasiloxane, 14.4 g of 
1,3-bis(2-hydroxyethyloxypropyl)tetramethyl-disiloxane, 
300 g of chloroform and 2.3 g of trifluoromethane Sulfonic 
acid was charged into a flask, and synthesized and purified 
similarly to the siloxane-diol (A1) in the Synthesis Example 
1 to give 110 g of a transparent Viscous liquid. As a result of 
an analysis, the product was the polysiloxane-diol having 
hydrosilane groups (A2) shown by the following formula: 

(A2) 
CH CH3 

HOCHAOCHSIO-Y-SiCHOCH4OH 

CH CH 
wherein, 

CH3 

CH3 CH3 CH3 

Y: 

0274 Synthesis of Polysiloxanediol having Polyoxyeth 
ylene Groups (D1) 

0275 A mixture of 35 g of the polysiloxanediol having 
hydrosilane groups (A2) described above, 14 g of polyoxy 
ethylene allylmethyl ether (molecular weight approximately 
400), 100g of isopropyl alcohol, 0.03 g of potassium acetate 
and 6 mg of chloroplatinic acid was charged into a flask with 
a reflux condenser and refluxed for 3 hours under the 
nitrogen atmosphere. The reaction mixture was filtered, then 
isopropanol was distilled off under the reduced preSSure 
followed by washing with a mixture of methanol/water. 
Further removal of volatile components under the vacuum 
gave 42 g of a transparent Viscous liquid. As a result of an 
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analysis, the product was the polysiloxanediol having ter 
minal methoxy type polyoxyethylene groups (D1) shown by 
the following formula: 

(D1) 
CH CH 

HOCHOCHSIO- Y- SiCHOCH4OH 

0276 Synthesis of Polysiloxane-dimethacrylate having 
Polyoxyethylene Groups (C3) 
0277. A mixture of 40 g of the polysiloxanediol having 
polyoxyethylene groups (D1) obtained and 85 g of dry 
acetone was charged into a brown-colored flask and dis 
solved. The solution was then added with 2.0 g of meth 
acryloxyethyl isocyanate, and stirred for 3 hours at 25 C. 
After adding 1.4 g of purified water, the Solution was Stirred 
for further 2 hours, followed by distilling off of acetone 
under the reduced pressure. The residual liquid was washed 
with a mixture of methanol/water followed by a removal of 
volatile components under the vacuum again to give 48.7g 
of a transparent Viscous liquid. As a result of an analysis, the 
product was the polysiloxanedimethacrylate having terminal 
methoxy type polyoxyethylene groups (C3) as shown by the 
following formula: 

(C3) 
CH CH 

CH2=COCHNHOCHOCHSiO Y 

O O CH 

CH CH 

SiCHOCHOCNHCHOCCFCH 
| 

CH O O 

wherein, 
CH3 CHCF3 CHO(CH4)7CH3 

Y: - (SiO)so (SiO)15-(SiO)- 

CH3 CH3 CH3 

SYNTHESIS EXAMPLE 4 

0278 Synthesis of Polysiloxanediol having Hydrosilan 
Groups (A3) 
0279 A mixture of 150 g of octamethylcyclotetrasilox 
ane, 12 g of 1,3,5,7-tetramethylcyclotetrasiloxane, 6.8 g of 
1,3-bis(2-hydroxyethyloxypropyl) tetramethyl-disiloxane, 
200 g of chloroform and 1.5 g of trifluoromethane Sulfonic 
acid was charged into a flask, and Synthesized and purified 
similarly to the siloxanediol (A1) in the Synthesis Example 
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1 to give 95 g of a transparent Viscous liquid. As a result of 
an analysis, the product was the polysiloxanediol having 
hydrosilan groups (A3) shown by the following formula: 

(A3) 
CH CH 

HOCHOCHSiO Y-SiCHOCH4OH 

CH CH 
wherein, 

is 
Y: -o-o- 

CH3 CH3 

0280 Synthesis of Polysiloxane-dimethacrylate having 
Hydrosilans (B2) 

0281. A mixture of 50 g of the polysiloxanediol (A3) 
described above, 10g of hexamethylene-diisocyanate, 100 g 
of dry acetone, 0.02 g of dibutyltin laurate and 2 mg of 
di-t-butylcresol was charged into a flask with a reflux 
condenser and refluxed for 2 hours under the nitrogen 
stream. The reaction mixture was added with 20 g of 
2-hydroxyethyl methacrylate, then refluxed for further 2 
hours. After adding 6 g of purified water, the mixture was 
left overnight at room temperature. Subsequently acetone 
was distilled off under the reduced pressure. Further removal 
of volatile components under the vacuum gave a transparent 
Viscous liquid. The product was 36 g of polysilox 
anedimethacrylate having hydrosilane groups (B2) shown 
by the following formula: 

(B2) 
CH CH 

CHFCCOCHOCNHCH1NHCOCHOCHSiO-Y) 

CH O O O 

CH CH 

SiCHOCHOCNHCH-NHCOCHOCCFCH2 

CH 
| 

O O O 

wherein, 
CH3 H 

CH3 CH3 

0282 Synthesis of Polysiloxane-dimethacrylate having 
Alcohol Groups (C4) 
0283. A mixture of 30 g of the polysiloxanedimethacry 
late described above, 12 g of 2-allyloxyethanol, 60 g of 
isopropyl alcohol, 0.03 g of potassium acetate, 6 mg of 
chloroplatinic acid and 3 mg of di-t-butylcresol was charged 
into a flask with a reflux condenser and heated with Stirring 
at 50 C. for 3 hours under the nitrogen atmosphere. The 
reaction mixture was filtered, then isopropanol was distilled 
off under the reduced pressure followed by washing with a 
mixture of methanol/water. Further removal of volatile com 
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ponents under the vacuum gave 24 g of a transparent Viscous 
liquid. The product was the polysiloxane-dimethacrylate 
having alcohol groups (C4) with the linking group Y in the 
structural formula (B2) shown by the following formula: 

CH CH 

SYNTHESIS EXAMPLE 5 

0284. Synthesis of Polysiloxane-dimethacrylate having 
Hydrosilane Groups (B3) 

0285) A mixture of 50 g of the polysiloxanediol (A2) 
described in the Synthesis Example 3, 3.9 g of methacry 
loyloxyethylisocyanate, 100 g of dry acetone and 0.02 g of 
dibutyltin dilaurate was charged into a brown-colored flask 
and stirred at 25 C. for 24 hours under the nitrogen 
atmosphere. After adding 1.4 g of purified water, the mixture 
was stirred for further 3 hours. Acetone was distilled off 
under the reduced pressure, and the residual liquid was 
washed with methanol. Removal of volatile components 
under the vacuum again gave a transparent Viscous liquid. 
The product was 46 g of the polysiloxane-dimethacrylate 
having hydrosilane groups (B3) shown by the following 
formula: 

(B3) 
CH CH 

CHFCCOCHNHOCHOCHSIO-Y 

O CH O 

CH CH 

SiCHOCHOCNHCHOCCFCH2 
| 

CH O O 

wherein, 
CH3 C2H4CF3 H 

CH3 CH3 CH3 

0286 A mixture of 40 g of the polysiloxanediol having 
hydroSilane groups obtained, 20 g of polyoxyethylene 
allylether (molecular weight approximately 400), 80 g of 
isopropyl alcohol, 0.04 g of potassium acetate and 8 mg of 
chloroplatinic acid was charged into a flask with a reflux 
condenser and refluxed for 3 hours under the nitrogen 
atmosphere. The reaction mixture was filtered, then isopro 
panol was distilled off under the reduced pressure followed 
by washing with a mixture of methanol/water. Further 
removal of Volatile components under the vacuum gave 42 
g of a transparent Viscous liquid. As a result of an analysis, 
the product was the polysiloxane-dimethacrylate having 
terminal hydroxyl group type polyoxyethylene groups (C5), 
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wherein the linking group Y in the structural formula (B3) 
was shown by the following formula: 

Y: (SiO)50 (SiO)1s (SiO) 

CH CH CH 

SYNTHESIS EXAMPLE 6 

0287 Synthesis of Polysiloxane-dimethacrylate having 
Polyoxyethylene Groups (C6) 
0288 A mixture of 40 g of the polysiloxanediol having 
hydrosilane groups (B3) obtained in the Synthesis Example 
5, 40 g of polyoxyethylene allylmethylether (molecular 
weight approximately 1500), 120 g of isopropyl alcohol, 
0.04 g of potassium acetate and 8 mg of chloroplatinic acid 
was charged into a flask with a reflux condenser and refluxed 
for 3 hours under the nitrogen atmosphere. The reaction 
mixture was filtered, then isopropanol was distilled off under 
the reduced pressure followed by washing with a mixture of 
methanol/water. Further removal of volatile components 
under the vacuum gave 38 g of a transparent Viscous liquid. 
AS a result of an analysis, the product was the polysiloxane 
dimethacrylate having terminal methoxy type polyoxyeth 
ylene groups (C6), wherein the linking group Y in the 
structural formula (B3) was shown by the following for 
mula: 

Y: - (SiO)so-(SiO)is-(SiO)- 

CH CH CH 

SYNTHESIS EXAMPLE 7 

0289 Synthesis of 2-(2-methacryloxyethylcarbamoy 
loxy)ethyl methacrylate 
0290. A mixture of 13 g of 2-hydroxyethyl methacrylate 
dried with dessicating agent, 15.6 g of methacryloxyethyl 
isocyanate, 60 g of dry acetone was reacted Similarly as in 
Synthesis Example 5 to give the compound shown by the 
formula (11a) (hereinafter “MIEM”): 

(11a) 
CH CH 

CHFCCOCHNHCOCHOCCFCH 
| | 

O O O 

EXAMPLE 8 

0291. A mixture of 80 parts by weight of polysiloxane 
dimethacrylate having alcohol groups (C1) described in the 
Synthesis Example 1, 10 parts by weight of N-vinyl-N- 
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methylacetoamide (hereinafter “VMA”), 6 parts by weight 
of isobornyl methacrylate (hereinafter “IBM'), 4 parts by 
weight of tetraethyleneglycoldimethacrylate (hereinafter 
“4ED") and 0.5 parts by weight of 2,4,6-trimethylbenzoyl 
diphenylphosphinoxide (hereinafter “TPO”) was mixed with 
Stiring. Then, the monomer mixture was injected into a mold 
for forming contact lens made of an ethylene vinyl alcohol 
resin (hereinafter “EVOH resin") (made by The Japan 
Synthetic Chem. Ind. Co., Ltd., Soarlite S), then irradiated 
by UV ray for 1 hour in a light exposure equipment to give 
a lens-shaped polymer. The lens thus obtained was dipped in 
ethyl alcohol overnight, then dipped in water followed by 
heating at 90° C. for 3 hours. The lens thus obtained was 
transparent and flexible, and showed good water wettability. 
Evaluation of physical properties showed water content of 
10%, oxygen permeability (Dk) of 256, tensile strength of 
185 g/mm and lipid deposition of 40 ug. In addition, contact 
angle of the EVOH resin used to water was 73. Results of 
evaluation on its performances are shown in Table 1. 

EXAMPLES 9-13 

0292 Lenses were obtained using hydrophilic polysilox 
ane monomers described in the Synthesis Examples 2-6 by 
polymerizing and processing in the same manner in com 
positions and conditions as in the Example 8. Results of 
evaluation on its performances are described in Table 1. 

Comparative Examples 4 and 5 
0293 Comparative lenses were prepared by polymeriz 
ing and processing in the same manner in compositions and 
conditions as in the Example 8, except for using the poly 
dimethylsiloxane-dimethacrylate (R1) or the polysiloxane 
dimethacrylate having alcohol groups (R2) shown by the 
following formulas instead of the hydrophilic polysiloxane 
monomer. Results obtained are shown jointly in Table 1. 

(R1) 

it. " " ' ". 
ci-rocio-po-cho-ch. 

O CH, CH CH, O 

(R2) 
CH CH CH CH 

CH2=COCHSIO-Y-SiCHOCCFCH 

O CH CH, O 
wherein, 

CH3 CHCF3 CHOH 

Y: -o-o-o- 
CH3 CH3 CH3 

EXAMPLE 1.4 

0294. A mixture of 60 parts by weight of polysiloxane 
dimethacrylate having polyoxyethylene groups (C3), 35 
parts by weight of N-vinylpyrroridone (hereinafter “NVP”), 
5 parts by weight of cyclohexyl methacrylate (hereinafter 
“CH'), 1 part by weight of ethyleneglycoldimethacrylate 
(hereinafter “ED") and 0.5 parts by weight of TPO was 
mixed, photopolymerized in a mold made of EVOH resin in 
the same manner as in Example 8 to obtain a lens. Results 
of evaluation on the lens thus obtained are shown in Table 3. 
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Examples 15-18 and Comparative Examples 6-8 
0295 Monomer mixtures of the compositions shown in 
Table 2 were photopolymerized in the same manner as in 
Example 12 to obtain lenses. Results of evaluation are 
shown in Table 3. 

Example 19 
0296 Alens was prepared in the exactly same manner as 
in Example 8 except for using the crosslinkable monomer 
(“MIEM”) described in the Synthesis Example 5 instead of 
4ED, and the lens obtained was evaluated. Results of the 
evaluation proved a transparent lens with good water wet 
tability and improved Strength, showing water content of 
12%, oxygen permeability (Dk) of 245 and tensile strength 
of 285 g/mm. 

EXAMPLE 2.0 

0297 Alens was prepared in the exactly same manner as 
in Example 10 except for using the crosslinkable monomer 
(“MIEM”) described in the Synthesis Example 5 instead of 
4ED, and the lens obtained was evaluated. Results of the 
evaluation showed water content of 23%, oxygen perme 
ability (Dk) of 181 and improved tensile strength of 305 
g/mm. 

Examples 21-22 and Comparative Examples 9-14 
0298 Alens was prepared in the exactly same manner as 
in Example 8 except for using molds made of each resin 
shown in Table 4 instead of the mold for forming lens made 
of EVOH resin. Results of evaluation on Solubility and 
contact angle of each resin material itself and on each lens 
are jointly shown in Table 4. 
0299 The present invention will be further explained 
with Examples 23-38 and Comparative Examples 15-19, but 
the present invention is not limited by these Examples. 
Furthermore, each evaluation item was measured as follows. 
0300 (1) Water content, (2) Oxygen permeability (Dk 
value) and (3) Water wettability (contact angle) were mea 
Sured by the methods according to the Examples 1-7. (4) 
Rabbit eyes wearing test was carried out for 30 days by the 
method of the wearing test according to the Examples 1-7 
with the same inspections. 

EXAMPLES 23-26 

0301 The contact lens wearing tests described in the 
Examples 1, 5, 6 and 7 were performed again by extending 
the period to 30 days. All lenses showed good movements, 
little Stain depositions, no abnormality on the rabbit eyes, 
and proved that they were Safe enough for long period. 

EXAMPLE 27 

0302 Contact angle of the hydrogel contact lens obtained 
in the Example 8 was measured resulting in 18 by the 
captive bubble method and 57 by the sessile drop method. 
Furthermore, a rabbit eyes wearing test for 30 days also 
showed no lens adhesion and no abnormality on the house 
rabbit eyes. 

Examples 28-33 and Comparative Examples 15-17 
0303. The contact lenses prepared in the Example 10, 
Examples 14-18 and Comparative Examples 6, 8 and 11 
were evaluated by the rabbit wearing test Similarly as in the 
Example 18. Results are shown in Table 5. 
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EXAMPLE 34 

0304 Contact lenses were prepared using 100 pieces of 
molds made of EVOH resin in the same manner in monomer 
composition and procedures as described in Example 19. 
Defectives were only 2 pieces which were partly chipped at 
their edges, and no defect was observed in all of other 98 
lenses, proving the present invention being very useful 
method for an industrial manufacturing. 

Comparative Example 18 

0305. Using the same monomer composition as in the 
Example 44, a preparation of 100 pieces of lenses was tried 
with molds made of AS resin acrylonitrilestyrene (40/60) 
copolymer). None of good lens could be obtained with 35 
pieces fractured to fragments, and the others having chip 
pings at edges or damages on Surfaces. 

Comparative Example 19 

0306 In the same manner as in the Comparative Example 
18, a preparation of 100 pieces of contact lenses was tried 
with molds made of AM resin (acrylonitrile-methyl acrylate 
copolymer, Barex-210 Supplied by Mitsui Toatsu Chemicals 
Inc.). However, 90 pieces failed to keep lens shapes due to 
fractures to fragments in a mold Separation, the other 10 
pieces also had breaks or chippings in edges, and none of 
good lens could be obtained. 

EXAMPLE 35 

0307. A mixture of 50 parts by weight of the hydrophilic 
polysiloxane monomer shown by the following Structural 

CH 
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angle was 24 by the captive bubble method and 77 by the 
Sessile drop method. A house rabbit wearing test showed 
good lens movement, little deposition after 30 days wearing 
and good water wettability. 

(4c) 

(H, SH: SH SH 
CH=C-COO- CHNHCoo-chio- $o-trict, 

CH, CH, CH3 

O-CONH-CH-NHCOO-(CHO)o-CONH-CH-NHCO 

SH. H. H. SH 
o-chio- jo si- CH-O-CONHCH-OCOC=CH 

CH, CH, CH3 

EXAMPLE 36 

0308 A mixture of 80 parts by weight of the hydrophilic 
polysiloxane monomer shown by the following Structural 
formula (5c), 20 parts by weight of NVP, 1 part by weight 
of ED, 0.5 parts by weight of TPO and 80 parts by weight 
of 2-butanol was dissolved with Stirring, and a contact lens 
was prepared Similarly as in the Example 35. Evaluation on 
the lens showed water content of 13%, Dk value of 225, and 
contact angle of 24 by the captive bubble method and 70 
by the Sessile drop method. A house rabbit wearing test also 
showed good lens movement, little deposition, and main 
taining of good water wettability. 

(5c) 
CH, CH3 CH 

CH=C-COO-C2HNHCOO-CHO-CH(SiO-(SiO-) -SiCH-OCH 

CH, CH, CH 
CH 

O-CONH-CH-NHCOO-(CH2CHO)ss-CONH-CH-NHCO 

CH, CH3 

OCH-O-CHSIO-(SiO)o-Si-CH-OCH-O-CONHCH-OCOC=CH 

CH, CH 

formula (4c), 20 parts by weight of tris(trimethylsiloxy)si 
lylpropyl methacrylate, 25 parts by weight of VMA, 5 parts 
by weight of CH, 1 part by weight of ED, 0.5 parts by weight 
of TPO and 80 parts by weight of 2-butanol was stirred, then 
injected into a mold made of EVOH resin, followed by an 
irradiation of UV ray for 1 hour. The lens thus obtained was 
dipped in ethyl alcohol overnight. After the alcohol was 
replaced with water, the lens was heated at 90° C. for 3 
hours. Evaluation on the hydrogel contact lens thus obtained 
showed water content of 32% and Dk value of 125. Contact 

CH CH 

CH 

EXAMPLE 37 

0309. A contact lens was prepared in the same manner as 
in the Example 35 except for using the monomer shown by 
the following structural formula (6c) as a hydrophilic pol 
ySiloxane monomer. The lens thus obtained showed water 
content of 28%, Dk value of 166, and contact angle of 22 
by the captive bubble method and 69 by the sessile drop 
method. A rabbit wearing test showed good lens movement, 
little deposition after 30 days wearing and good water 
wettability. 
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(6c) 

CH=C-CO-O-CH-O-CONH-CH-NHCO-O-(CHO)5-CO 

CH, CH, CH 

NH-CH-NHCOO-CH(SiO-(SiO-) -SiCH-O-CONH 

CH, CH, CH3 

CH 

CH-NHCOO-(CHO)s-CONH-CH-NHCOO-CH-OCO-C=CH 

EXAMPLE 38 

0310. A contact lens was prepared in the same manner as 
in the Example 36 except for using the monomer shown by 
the following structural formula (7c) as a hydrophilic pol 
ySiloxane monomer. The lens thus obtained showed water 

CH 

content of 27%, Dk value of 285, and contact angle of 18 
by the captive bubble method and 53 by the sessile drop 
method. A rabbit wearing test showed good lens movement, 
little deposition after 30 days wearing and maintaining of 
good water wettability. 

(7c) 

CHEC-CO-O-CH-O-CONHCH-NHCO-O-(CHO)4-CO 

CH, CH, CH3 

NH-CH-NHCOO-CHO-CH(SiO-(SiO-)--SiCHo-OCH-O-CONH 

CH, CH, CH 

CH 

CH-NHCOO-(CHO)4-CONH-CH2-NHCOO-CH-OCO-C=CH2 

Polysiloxane 
Monomer 
(Synthesis 

Example No. Example No.) 

Example 8 C1 (Synthesis 
Example 1) 

Example 9 C2 (Synthesis 
Example 2) 

Example 10 C3 (Synthesis 
Example 3) 

Example 11 C4 (Synthesis 
Example 4) 

Example 12 C5 (Synthesis 
Example 5) 

Example 13 C6 (Synthesis 
Example 6) 

Comparative R1 
Example 4 

Comparative R2 
Example 5 

TABLE 1. 

Water Oxygen Tensile Lipid 
Water Content Permeability Strength Deposition 

Transparency Wettability (%) (x 10') (g/mm) (ug) 

O O 1O 256 185 40 

O O 14 218 174 32 

O O 22 186 210 35 

O O 12 240 235 62 

O O 2O 183 2O7 35 

O O 34 145 168 2O 

A X 5 2OO 12O 150 

O A 18 195 115 65 
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0311) 

TABLE 2 

(unit: parts by weight) 
Polysiloxane 

Example No. (C3) NVP VMA AC3 MMA DMA HEMA 3FM OHF CH ED 

Example 14 60 35 5 1 
Example 15 50 15 15 2O 5 1. 
Example 16 50 15 2O 15 5 1. 
Example 17 60 35 5 1 
Example 18 40 2O 2O 1O 1O 5 1. 
Comparative 60 35 5 1 
Example 6 
Comparative 60 35 5 1 
Example 7 
Comparative 60 2O 15 5 1 
Example 8 

Abbreviations in the Table exhibit the following monomers. 
NVP: N-Vinylpyrrolidone 
VMA: N-Vinyl-N-methylacetoamide 
AC3: 3-Tris(trimethylsiloxy)silylpropyl Methacrylate 
MMA: Methyl Methacrylate 
DMA: N,N-Dimethylacrylamide 
HEMA: 2-Hydroxyethyl Methacrylate 
3FM: 2,2,4-Trifluoroethyl Methacrylate 
OHF: 1,1,2,2-Tetrafluoroethoxy-2-hydroxypropyl Methacrylate 
CH: Cyclohexyl Methacrylate 
ED: Ethyleneglycol-di-methacrylate 

0312) 
TABLE 3-continued 

TABLE 3 
Water Oxygen Lipid 

Trans- Water Content permeabilitv deposition 
Water Oxygen Lipid Example No. parency Wettability (%) p (x10-11) y O) 

Trans- Water Content permeability deposition 
Example No. parency Wettability (%) (x10-11) (ug) Comparative O X 7 132 446 

Example 6 
Example 14 O O 38 81 85 Comparative A A 26 118 385 
Example 15 O O 24 148 65 Example 7 
Example 16 O O 27 154 50 Eric O O 32 115 295 xample 8 
Example 17 O O 33 108 28 
Example 18 O O 31 94 44 

0313) 

TABLE 4 

Lens Performance 

Resin Water 
Kind of Mold Resin Contact Water Wettability 

Example No. Resin Solubility Angle () Transparency Wettability in Dry State 

Example 8 EWOH O 73 O O O 
Example 21 PET O 75 O O O 
Example 22 PA O 68 O O A 
Comparative AS A 77 O O A 
Example 9 

Comparative AM A 61 O O A 
Example 10 

Comparative PP O 110 O A X 
Example 11 

Comparative PS X 92 A X X 
Example 12 

Comparative PC X 76 A A X 
Example 13 
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TABLE 4-continued 
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Lens Performance 

Resin Water 
Kind of Mold Resin Contact Water Wettability 

Example No. Resin Solubility Angle () Transparency Wettability in Dry State 

Comparative PMMA X 65 A A X 
Example 14 

Abbreviations in the Table exhibit the following resins. 
EVOH: Ethylene-Vinylalcohol Copolymer 
PET: Polyethylene Terephthalate 
PA: Nylon 66 
AS: Acrylonitrile-Styrene (40/60) Copolymer 
AM: Acrylonitrile-Methyl Methacrylate (75/25) Copolymer 
PP: Polypropylene 
PS: Polystyrene 
PC: Polycarbonate 
PMMA: Polymethylmethacrylate 

0314) 

TABLE 5 

Rabbit Wearing Test 
Contact Angle ( 30 days 

Lens Preparation Captive Sessile Adhesion Stain Water 
Example No. Example Bubble Method Drop Method to Cornea Deposition Wettability 

Example 28 Example 10 26 48 O little Superior 
Example 29 Example 14 23 63 O little Superior 
Example 30 Example 15 28 75 O little Superior 
Example 31 Example 16 28 77 O little Superior 
Example 32 Example 17 17 55 O little Superior 
Example 33 Example 18 23 66 O little Superior 
Comparative Comparative 36 95 occurred much poor 
Example 15 Example 6 
Comparative Comparative 27 98 occurred much poor 
Example 16 Example 8 
Comparative Comparative 55 110 occurred much poor 
Example 17 Example 11 

0315) Industrial Applicability 2. A hydrogel Soft contact lens with a Surface contact 
0316 The present invention provides a soft contact lens 
showing Small and Stable contact angle to-water at its 
Surface, little Stain deposition in wearing, high oxygen 
permeability, no adhesion of the lens to cornea and Superior 
extended-wearing characteristics. In addition, a ophthalmo 
logic lens material obtained by a copolymerization of a 
hydrophilic Siloxane monomer and a amide-group-contain 
ing monomer having N-Vinyl group of the present invention 
ShowS Superior transparency, water wettability, and in par 
ticular, Superior resistance to lipid deposition. Furthermore, 
Strength and durability are further improved by adding a 
crosslinkable monomer having urethane linking group. 
Moreover, polymerization in a mold comprising a resin 
having polar groups can give a stable water wettability to a 
lens. The material is useful particularly for a Soft contact 
lens, and thus Superior as a contact lens for extended 
Wearing. 

1. A hydrogel Soft contact lens with contact angle of a 
surface in a range of 10-50 and 30-90 by the captive 
bubble method in water and the sessile drop method in air, 
respectively, oxygen permeability of not leSS than 30 and 
water content of not less than 5%. 

angle in a range of 10-40 and 30-80 by the captive bubble 
method in water and the Sessile drop method in air, respec 
tively, oxygen permeability of not leSS than 80 and water 
content of not less than 9%. 

3. The hydrogel Soft contact lens according to claim 1 or 
2, comprising a copolymer obtained by a polymerization of 
at least one kind of hydrophilic Siloxane monomer. 

4. The hydrogel Soft contact lens according to claim 3, 
wherein the hydrophilic Siloxane monomer is a hydrophilic 
polysiloxane monomer shown by the following formula (1): 

(1) 
R1 R3 

X-SiO-Y1-Si-X1 

wherein, X1 is a polymerizable substitutent shown by the 
following formula (2): 
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(2) 
R5 

CH=C-(O) (CH)n-Z1(CHO) (CH) 
O 

wherein, R5 is a hydrogen or a methyl group; Z1 is a 
linking group selected from -NHCOO-, -NH 
CONH-, -OCONH-R6-NHCOO-, -NH 
CONH-R7-NHCONH- and -OCONH-R8 
NHCONH- (R6, R7 and R8 are hydrocarbon groups 
with 2-13 carbon atoms); m is 0-10; n is 3-10; p is 0 
when m is 0 and 1 when m is not less than 1; q is an 
integer of 0-20; R1, R2, R3 and R4 are groups selected 
from hydrocarbon groups with 1-12 carbon atoms or 
trimethylsilyl group, respectively; and the Structure 
Y1 shows a polysiloxane backbone comprising not 
less than 2 Sequential Siloxane linkages. 

5. The hydrogel Soft contact lens according to claim 4, 
wherein the structure Y1 is a structural unit shown by the 
following formula: 

(3) 
R9 

R10 

wherein, R9 and R10 are groups selected from hydrocar 
bon groups with 1-12 carbon atoms, hydrocarbon 
groups Substituted with fluorine atom(s), trimethylsi 
loxy group and hydrophilic Substituents, and may be 
different from each other in the Sequential chain; and r 
is 7-1000. 

6. The hydrogel Soft contact lens according to claim 5, 
wherein the Structural unit Y1 according to claim 5 is a 
polysiloxane monomer with R9 and R10 being methyl 
grOup. 

7. The hydrogel Soft contact lens according to claim 4 
consisting of a hydrophilic polysiloxane monomer, wherein 
the structural unit Y1 according to claim 4 comprises 
Sequentially linked structural units (Ia) and (IIa) shown 
below, the linking ratio of the units (Ia) and (IIa) being 
1:10-10:1, and the total number of the linking of (Ia) and 
(IIa) being 7-1000: 

(Ia) 
R11 

(SiO)- 

R12 
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-continued 
(IIa) 

R13 

(SiO)- 

R14 

wherein, each of R11 and R12 is a hydrocarbon group 
with 1-12 carbon atoms, respectively, each of R13 and 
R14 is a hydrocarbon group with 1-12 carbon atoms or 
a hydrocarbon group Substituted with fluorine atom(s), 
respectively, and at least one of R13 and R14 is a 
hydrocarbon group Substituted with fluorine atom(s). 

8. The hydrogel Soft contact lens according to claim 7 
consisting of a hydrophilic polysiloxane monomer, wherein 
R11, R12 and R13 are methyl groups and R14 is a trifluo 
ropropyl group in the Structural unit Y1 according to claim 
7. 

9. The hydrogel Soft contact lens according to claim 4 
consisting of a hydrophilic polysiloxane monomer, wherein 
the structural unit Y1 according to claim 4 comprises 
sequentially linked structural units (Ib) and (IIb) shown 
below, the linking ratio of the structural units (Ib) and (IIb) 
being (Ib)/(IIb)=0.1-200, and the total number of the linking 
of (Ib) and (IIb) being 7-1000: 

(Ib) 
R15 

(SiO)- 

R16 

(IIb) 
R17 

(SiO)- 

R18 

wherein, R15 and R16 are a group selected from hydro 
carbon group with 1-12 carbon atoms, hydrocarbon 
group with 1-12 carbon atoms substituted with fluorine 
atom(s) and trimethylsiloxy group, respectively, and 
they may be the same or different from each other; each 
of R17 and R18 is a group consisting of hydrocarbon 
group with 1-12 carbon atoms, trimethylsiloxy group or 
hydrophilic groups, respectively; and at least one of 
R17 and R18 groups is a hydrophilic group, wherein 
the hydrophilic group is a linear or cyclic hydrocarbon 
group linked with at least one Substituent Selected from 
hydroxy group and polyoxyalkylene group. 

10. The hydrogel Soft contact lens according to claim 4 
consisting of a hydrophilic polysiloxane monomer, wherein 
the structural unit Y1 according to claim 4 comprises 



US 2002/OO16383 A1 

Sequentially linked structural units (Ic), (IIc) and (IIIc) 
shown by the following formulas: 

(Ic) 
CH 

(SiO)- 

CH 

(SiO)- 

CH 
(IIIc) 

wherein, R19 is a hydrophilic substituent which is a linear 
or cyclic hydrocarbon group linked with at least one 
Substituent Selected from hydroxy group and polyoxy 
alkylene group; the linking ratio of the Structural units 
(Ic), (IIc) and (IIIC) being (Ic)+(IIc))/(IIIC)=0.5-100, 
(IIc)/(Ic)=0-1, and the total number of the linking of 
(Ic), (IIc) and (IIIC) being 7-1000. 

11. The hydrogel Soft contact lens according to claim 10, 
wherein the linking ratio of the structural units (Ic), (IIc) and 
(IIIc) in the structural unit Y1 according to claim 10 is 
((Ic)+(IIc))/(IIIC)=1-50, (IIc)/(Ic)=0.01-0.50, and the total 
number of the linking of (Ic), (IIc) and (IIIc) is 20-500. 

12. The hydrogel Soft contact lens according to any one of 
claims 9-11 consisting of a hydrophilic polysiloxane mono 
mer, wherein the hydrophilic Substituent is shown by the 
following formula (4) or (5): 

-R20(OH)a (4) 

wherein, R20 is a hydrocarbon group with 3-12 carbon 
atoms; the group may have a group of -O-, -CO 
or -COO- inserted between carbon atoms; only one 
OH group can be Substituted on one carbon atom; and 
a is a number larger than 1. 

wherein, R21 is a hydrocarbon group with 3-12 carbon 
atoms; the group may have a group of -O-, -CO 
or -COO- inserted between carbon atoms; R22 is a 
hydrocarbon group with 2-4 carbon atoms, and the 
number of the carbon atoms may be different from each 
other when b is not less than 2; b is 1-200; Z2 is a group 
Selected from hydrogen atom, hydrocarbon group with 
1-12 carbon atoms and -OCOR23 (R23 is a hydro 
carbon group with 1-12 carbon atoms). 

13. The hydrogel Soft contact lens according to any one of 
claims 9-11, wherein the hydrophilic substituent is selected 
from the group consisting of the following formulas (6), (7) 
and (8): 

-CHOH (6) 

-CHOCHCH(OH)CH-OH (7) 
-CHOCHOH (8) 
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14. The hydrogel Soft contact lens according to claims 
9-11, wherein the hydrophilic Substituent is selected from 
the group of the following formulas (9) and (10) in claim 9: 

-CH(OCH)OH (9) 
-CH(OCH)OCH (10) 

wherein, c and d are 1-40. 
15. The hydrogel Soft contact lens according to claim 4, 

wherein the structural unit Y1 in the hydrophilic polysi 
loxane monomer shown by the formula (1) according to 
claim 4 is expressed by the following formula (11): 

(11) 
R24 R26 

R25 R27 

wherein, Z3 is a linking group shown by the following 
formula (12): 
A-COHN-R30-NHCOO-R31-CONH 

R30-NHCO-A- (12) 

wherein, R30 is a hydrocarbon group with 4-20 carbon 
atoms and may be interrupted by oxygen atom; R31 is 
polyoxyalkylene group or fluorine-Substituted poly 
oxyalkylene group; the structural unit Y2 means a 
polysiloxane structural unit shown by any one of for 
mulas (3), linked structure of (Ia) and (IIa), linked 
structure of (Ib) and (IIb) or linked structure of (Ic), 
(IIc) and (IIIc); A means -O- or -NH- linkage; 
each of R24, R25, R26 and R27 is a group selected 
from hydrocarbon group with 1-12 carbon atoms and 
trimethylsilyl group, respectively; each of R28 and R29 
is a hydrocarbon group with 3-12 carbon atoms and 
may be interrupted by oxygen atom, respectively. 

16. The hydrogel Soft contact lens according to claim 15 
consisting of a polymer from a hydrophilic polysiloxane 
monomer, wherein R30 in the Z3 liking group shown by the 
formula (11) according to claim 15 is selected from hexam 
ethylene, tetramethylene, dicyclohexylmethane, hydroge 
nated Xylylene and isophorone groups and R31 is Selected 
from polyethylene glycol, polypropylene glycol and poly 
butylene glycol. 

17. The hydrogel Soft contact lens according to any one of 
claims 4-14, wherein the polymerizable Z1 liking group 
shown by the formula (2) according to claim 4 is shown by 
the following formula (13): 

B-COHN-R32-NHCOO-R33-CONH 
R32-NHCO-B- (13) 

wherein, R32 is a hydrocarbon group with 4-20 carbon 
atoms and may be interrupted by oxygen atom; R33 is 
polyoxyalkylene or polyoxyfluoloalkylene group; B 
means -O- or -NH-linkage. 

18. The hydrogel soft contact lens according to claim 17 
consisting of a polymer from a hydrophilic polysiloxane 
monomer, wherein R32 in the formula (13) is selected from 
hexamethylene, tetramethylene, dicyclohexylmethane, 
hydrogenated Xylylene and isophorone groupS and R33 is 
Selected from polyethylene glycol, polypropylene glycol and 
polybutylene glycol. 
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19. A hydrogel soft contact lens obtained by a copoly 
merization of at least 1 kind of hydrophilic polysiloxane 
monomer in the formula (1) with at least 1 kind of hydro 
philic monomer. 

20. The hydrogel soft contact lens according to claim 19, 
wherein the hydrophilic monomer is an amide monomer. 

21. The hydrogel Soft contact lens according to claim 19, 
wherein the hydrophilic monomer is an amide monomer 
containing N-Vinyl group. 

22. The hydrogel Soft contact lens according to claim 21, 
wherein the amide monomer containing N-Vinyl group is 
selected from N-vinyl formamide, N-vinyl acetamide, N-vi 
nyl isopropylamide, N-vinyl-N-methylacetamide, N-vi 
nylpyrrollidone and N-Vinyl caprolactam. 

23. The hydrogel Soft contact lens according to claim 21, 
wherein the amide monomer containing N-Vinyl group is 
N-vinyl N-methylacetamide or N-vinylpyrrolidone. 

24. The hydrogel Soft contact lens according to any one of 
claims 21-23, consisting of a copolymer composed of 
10–99% by weight of a hydrophilic polysiloxane monomer 
and 1-80% by weight of an amide monomer containing 
N-Vinyl group. 

25. The hydrogel Soft contact lens according to any one of 
claims 21-23, consisting of a copolymer composed of 
30-95% by weight of a hydrophilic polysiloxane monomer 
and 5-60% by weight of a monomer containing an amide 
group with N-Vinyl group. 

26. The hydrogel Soft contact lens according to any one of 
claims 3-25, obtained by a polymerization of a crosslinkable 
monomer linked with urethane groups. 

27. The hydrogel soft contact lens according to claim 26, 
wherein the crosslinkable monomer is shown by the follow 
ing formula (14): 

(14) 

R34 R35 

O O 

wherein, R34 and R35 are hydrogen or methyl group and 
may be the same or different from each other; Z4 is 
-NHCOO- linking group; R36 is selected from 
hydrocarbon groups with 2-10 carbon atoms or poly 
oxyethylene group shown by -(CHO)CH-(g is 
2-40); f is 0-10; e is 0 when f is o and 1 when f is not 
less than 1. 

28. The hydrogel Soft contact lens according to claim 26, 
wherein the crosslinkable monomer is shown by the follow 
ing formula (15): 

(15) 
CH CH 

CHFCCOCHNHCOOCH4OCCFCH2. 

O O 

29. The hydrogel Soft contact lens according to any one of 
items 19-28, wherein Surface contact angel is in a range of 
10-50 and 30-90° by the captive bubble method in water 
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and by the Sessile drop method in air, respectively, oxygen 
permeability is not less than 30 and water content is not leSS 
than 5%. 

30. The hydrogel soft contact lens according to claim 29, 
wherein Surface contact angle is in a range of 10-40 and 
30-80 by air bubble method in water and by droplet method 
in air, respectively, oxygen permeation coefficient is not leSS 
than 80 and water content is not less than 9%. 

31. The hydrogel Soft contact lens according to any one of 
claims 1-30, manufactured by a polymerization in a mold. 

32. The hydrogel Soft contact lens according to claim 3, 
wherein the hydrophilic siloxanyl monomer is shown by the 
following formula (16): 

(16) 
R37 

CH=CCOOCHNHCOO-(CHO)-R38Si 

wherein, R37 is hydrogen or methyl group; R38 is siloxa 
nyl alkyl group; and h is 0-20. 

33. The hydrogel Soft contact lens according to claim 3, 
consisting of a polymer comprising at least the hydrophilic 
siloxanyl monomer shown by the above formula (16), a 
hydrophilic monomer and a crosslinkable monomer. 

34. The hydrogel Soft contact lens according to any of 
claim 32 or 33, wherein the hydrophilic siloxanyl monomer 
according to claim 32 is shown by the following formula 
(17): 

(17) 

CH 

CHF CCOOCHNHCOO- C2H4O o CHSiC OSi(CH3)3) 

35. The hydrogel Soft contact lens according to any one of 
claims 32-34, consisting of a polymer comprising at least a 
hydrophilic siloxanyl monomer shown by the above formula 
(16), a siloxanyl monomer shown by the following formula 
(18), a hydrophilic monomer and a crosslinkable monomer: 

(18) 
R39 

wherein, R39 is hydrogen or methyl group; R40 is siloxa 
nyl alkyl group; and j is 0-4. 

36. The hydrogel soft contact lens according to claim 35, 
wherein the siloxanyl monomer shown by the formula (18) 
is tris(trimethylsiloxy)silylpropyl methacrylate. 

37. The hydrogel soft contact lens according to any of 
claims 33 or 35, wherein the hydrophilic monomer is an 
amide monomer containing N-Vinyl group in claim 33 or 35. 

38. The hydrogel soft contact lens according to claim 37, 
wherein the amide monomer containing N-Vinyl group is 
N-vinyl-N-methylacetamide or N-vinyl pyrrolidone. 

39. The hydrogel soft contact lens according to any one of 
claims 32-38, prepared by processing a polymer comprising 
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a hydrophilic Siloxanyl monomer by lathe-cutting and pol 
ishing method followed by Swelling with water. 

40. A hydrogel soft contact lens manufactured by a 
polymerization in a mold, wherein a mold material is 
insoluble to a composition of polymerizable monomers and 
at least one Side of the mold for forming a lens Surface has 
a polar group. 

41. The hydrogel Soft contact lens according to claim 40, 
wherein the mold material consists of a resin with a contact 
angle to water of not higher than 90 by the sessile drop 
method. 

42. The hydrogel Soft contact lens according to claim 40, 
wherein the mold material consists of a resin with a contact 
angel to water is 65-80 by the sessile drop method. 

43. The hydrogel Soft contact lens according to any one of 
claims 40-42, wherein the mold consists of a resin selected 
from polyamide, polyethylene terephthalate and ethylene 
Vinylalcohol copolymer. 

44. The hydrogel Soft contact lens according to any one of 
claims 40-42, wherein the mold material consists of ethyl 
ene-Vinylalcohol copolymer. 
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45. The hydrogel Soft contact lens according to any one of 
claims 40-44, wherein contact angle of a Surface is in a range 
of 10-50 and 30-90° by the captive bubble method in water 
and by the Sessile drop method in air, respectively, and water 
content is not less than 5%. 

46. The hydrogel Soft contact lens according to any one of 
claims 40-44, wherein Surface contact angle is in a range of 
10-40° and 30-80° by the captive bubble method in water 
and by the Sessile drop method in air, respectively, and water 
content is not less than 9%. 

47. The hydrogel Soft contact lens according to any one of 
claims 1-38, manufactured by a polymerization in a mold 
according to any one of claims 40-44. 

48. A method for manufacturing a contact lens according 
to any one of claims 1-38, wherein the method is a poly 
merization in a mold. 

49. A method for manufacturing a contact lens, wherein 
the mold according to claim 48 consists of the material 
according to any one of claims 40-44. 

k k k k k 


